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Abstract 
 
Cortisol (C) and testosterone (T) are commonly suggested as markers of 
overreaching and the unexplained underperformance syndrome (UPS) as taken 
together they highlight the body’s state of stress by indicating the body’s 
catabolic/anabolic balance. Research in this area has focused on the resting 
concentrations of these hormones and provided inconsistent findings with increases, 
decreases (of varying magnitudes) and no changes reported when individuals are 
compared in an overreached state with a normally trained state. Little attention has 
been given to the exercise-induced responses of these hormones and whether this 
could be a reliable marker of overreaching/UPS. Overreaching will only occur with 
an intensification of training so the aims of the studies in this thesis were to 
determine the effects of intensified training on the exercise-induced responses of 
salivary and plasma C and T concentrations. 
 
Study 1 ( Chapter 4) determined the salivary and plasma C, T and plasma 
adrenocorticotrophic hormone (ACTH) concentration responses in physically fit, 
healthy males to a double-bout cycle to fatigue protocol devised by Meeusen et al. 
(2004). They reported blunted exercise-induced hormonal responses to this protocol 
when well-trained cyclists were overreached compared with a normally trained 
state. Study 1 concluded that the exercise-induced responses of the salivary and 
plasma C and plasma ACTH concentrations were unaffected by a 4-day intensified 
training period. Blunted exercise-induced salivary and plasma T concentrations 
were found post-training but were due to blunted resting, basal T concentrations 
post-training compared with pre-training. The double-bout cycle to fatigue protocol 
did not elicit large C or T responses and so was not ideally suited to highlight 
alterations in the exercise-induced hormone responses. A high-intensity, short-
duration exercise protocol (called the 55/80 bout) was established in  Chapter 5 
which induced robust elevations of salivary and plasma C and salivary T 
concentrations when in a normal trained state. Such a protocol could highlight any 
adaptations in the exercise-induced responses of C and T concentrations. It was also 
concluded that salivary and plasma C concentrations positively correlated if the 
peak post-exercise values were compared but not so with the salivary and plasma T 
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concentrations.  Chapter 6 and Chapter 7 concluded that blunted responses of the 
salivary C ( Chapter 6) and T ( Chapter 6 and Chapter 7) concentrations to a 55/80 
bout occurred after an intensified endurance training period (~10 days). These 
results indicate that the 55/80 bout could be a useful detection tool of exercise-
induced alterations in salivary C and T concentrations caused by an elevation of 
training loads in both recreationally active and elite athlete populations. The 
reproducibility of the salivary hormonal responses to the 55/80 bout needed to be 
established before it could be concluded that this was indeed a useful tool.  Chapter 
8 concluded that the responses of both salivary C and T concentrations to the 55/80 
bout were reasonably reproducible with intra-individual variations of 12% (salivary 
C) and 7% (salivary T) reported. Chapter 8 also concluded that a familiarisation 
55/80 bout was needed to reduce the variation in the responses of both salivary C 
and T concentrations. The final experimental chapter examined the response of 
salivary C and T over a competitive season in elite male triathletes and concluded 
that the 55/80 bout was unable to highlight any adaptations in the salivary C and T 
exercise-induced responses. This was suggested to be due to the low numbers of 
participants in this study and the ability of the triathletes to cope well with the 
elevations in training loads over the season. 
 
In conclusion, the studies in this thesis suggest that the exercise-induced responses 
of salivary C and T do alter due to an intensification of training loads. This 
alteration presents as a blunting of the exercise-induced responses of these salivary 
hormones. The 55/80 cycle bout can highlight this blunted response in both 
recreationally active and elite athlete male populations. This therefore may be a 
useful tool to examine exercise-induced adaptations in salivary C and T 
concentrations caused by periods of intensified training.  
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Chapter 1  Introduction 
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Chapter 1 Introduction 
 
One of the main challenges facing an athlete is to develop and implement a training 
plan that will lead to an optimal performance. A successful training plan, leading to 
an ideal physical performance, incorporates a balance of exercise stress and 
recovery. Many athletic training plans include the strategy of overreaching (Halson 
and Jeukendrup, 2004; Whyte, 2006). Overreaching is induced by an overload of 
exercise stress causing a short term decrement in physical performance levels. With 
sufficient recovery, following the overload period, a super-compensatory increase in 
physical performance levels can occur. If overreaching is not executed correctly 
then it can develop into the unexplained underperformance syndrome (UPS) which 
is also commonly known as the overtraining syndrome. If this occurs full recovery 
may not be achieved for several months and can ruin an athlete’s season or career 
(Budgett et al., 2000; Meeusen et al., 2006). 
 
Currently no reliable markers of overreaching have been found but many have been 
suggested. Some of the suggested markers in the literature are: impaired cardiac 
function (Achten and Jeukendrup, 2003), depressed immune responses (Shepherd 
and Shek, 1998) and blood hormonal alterations (Urhausen et al., 1995). The 
identification of a reliable marker of overreaching would allow for consistent 
monitoring of the athlete, providing important information on their exercise stress 
and recovery state. This information could help reduce the incidence of unplanned 
overreaching and UPS. 
 
Hormonal alterations have been suggested as markers of overreaching. Two 
hormones that indicate the body’s catabolic/anabolic balance are cortisol (C) and 
testosterone (T) and therefore give an indication of the stress levels (Lehmann et al., 
1993a). The majority of literature in this area has focused on the resting 
concentrations of these hormones as possible markers of overreaching, but provide 
contrasting results highlighting the unreliability of these resting concentrations as 
overreaching markers. What has not been extensively examined is the possibility of 
using the exercise-induced responses of these hormones as markers of overreaching. 
Meeusen et al. (2004) reported alterations in exercise-induced responses of 
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peptide/protein and steroid hormones to a double bout exercise protocol when 
completed before and after a 10-day cycling training camp. The results suggest that 
it is of interest to focus on the exercise-induced responses of C and T rather than 
solely their resting levels. Therefore, the main aims of this thesis were to examine 
whether the exercise-induced responses of C and T can be reliable markers of 
elevations in training intensity and to determine if plasma and saliva measures of 
these hormones respond in a similar manner. In this thesis when the term 
‘intensified’ is linked to training it refers to the intensity levels and duration of the 
exercise stimuli completed in a training period. 
 
To try and achieve these aims six experimental studies were completed. The main 
objectives of the present research studies were to: 
 
1) Determine in a healthy, active population if a double incremental cycle to 
exhaustion protocol would highlight adaptations in the exercise-induced 
salivary and plasma hormone responses following a 4-day intensified 
training period. Examine the relationships between salivary and plasma C 
and T concentrations at rest and following each incremental cycle to 
exhaustion. 
 
2) Determine in a healthy, active population which of four different high-
intensity, short-duration exercise bouts would induce the largest salivary 
and plasma C and T responses during a 1 h post-exercise period. Determine 
the timecourse of the exercise-induced alterations in both the salivary and 
plasma C and T concentrations and examine the relationships between the 
peak post-exercise salivary and plasma C and salivary and plasma T 
concentrations. 
 
3) Determine whether a 30-min high-intensity cycling bout was sensitive 
enough to highlight changes in the exercise-induced salivary C and T 
concentrations after an 11-day intensified training period in a healthy, 
active population. 
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4) Determine whether a 30-min high-intensity cycling bout can highlight 
adaptations in the exercise-induced responses of salivary C and T 
concentrations after a 10-day training camp in elite triathletes. 
 
5) Determine the reproducibility of the salivary C and T concentration responses 
to a 30-min high-intensity cycle bout in a healthy, active population. 
 
6) Determine the salivary C and T responses to a high-intensity cycle bout at 
the start and end of a competitive triathlon season and at the start and end 
of a 4-5 week intensified training period for a top priority race in elite 
triathletes. 
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Chapter 2 Literature Review 
 
This chapter will describe the phenomena of overreaching and the unexplained 
underperformance syndrome (UPS) and explain the link between these phenomena 
and the hormones C and T. A description of how hormones cause their action in the 
body and how they are classified will lead onto a description of the synthesis pathways 
of the hormones to be examined in this thesis. 
 
A summary of the acute responses and chronic adaptations of these hormones to 
exercise will be described and the relevant literature reviewed. Following this the 
measurement of the relevant hormones in saliva will be introduced. The chapter will 
conclude with a brief summary. 
 
2.1 Overreaching/UPS 
 
Normally an athlete’s training programme is divided up into blocks of training cycles 
This is known as periodization and helps athletes and coaches to design training plans 
(Mujika, 2009). The longest training cycle is a macrocycle (spanning from 2 months to 
a year in duration). Each macrocycle is made up of smaller blocks of training called 
mesocycles (6-8 weeks in duration) which consist of the smallest training cycle called 
a microcycle (usually 1 week in duration) (Whyte, 2006). Each of these blocks need to 
be carefully planned to achieve optimal physical performances. The basic theory of 
any physical training brought to light by Dr. Hans Seyle is that when a body is 
exposed to an exercise stimuli of sufficient intensity and duration an internal overload 
will occur. As training continues the body is repeatedly exposed to the exercise stimuli 
and quite often is unable to recover sufficiently. This imbalance will cause a 
decrement in mental and physical performance levels over time. Importantly this 
decline in performance levels caused by repeated overloading can be reversed leading 
to a super-compensatory improvement in physical performance above baseline levels 
if a sufficient period of recovery is completed (Kreider et al., 1998; Whyte, 2006). 
This phenomenon is termed overreaching and is commonly used by athletes in an 
attempt to improve physical performance levels. So it is clear that in order for the body 
to successfully adapt to the training programme the training cycles must consist of a 
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balanced combination of exercise stimuli of varying intensity and duration and 
recovery (Whyte, 2006). 
 
 
Figure  2.1 A schematic representation of the practice of overreaching and unexplained 
underperformance syndrome (UPS). 
(adapted from Whyte, (2006)) 
 
The correct design of any athlete’s training cycle is important because if an athlete 
enters a state of overreaching unexpectedly or it is immediately followed by 
insufficient recovery it can develop into the phenomenon known as UPS. UPS is a 
persistent unexplained performance deficit with unresolved symptoms despite two 
weeks of adequate rest and there is no identifiable medical cause (Whyte, 2006). The 
symptoms will deteriorate athletic performance which can last several weeks to 
several months for full recovery to occur (Budgett et al., 2000). The prevalence of 
UPS has been reported to occur in ~60% of long distance runners over their 
competitive career (Morgan et al., 1987). Moreover seasonal incidences of UPS in 
swimmers and endurance athletes of ~10% have also been reported (Raglin and 
Morgan, 1994 and Budgett, 2000). 
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2.2 Markers of Overreaching/UPS 
 
Finding a biological marker of overreaching would be beneficial as it would allow for 
continual monitoring of athletes thus reducing the possible incidence of unplanned 
overreaching and/or UPS. 
 
The hormones C and T have been suggested as possible biological markers of 
overreaching as taken together they highlight the body’s state of stress by giving an 
indication of the body’s catabolic/anabolic balance. The main body of the research in 
this area has focused on the use of the resting concentrations of these hormones as 
markers of overreaching which has provided contrasting results. Grandys et al. (2009) 
studied untrained, healthy males before and after a 5 week endurance training period 
and reported elevations from before the training period of 17% and 26% in the resting 
levels of plasma total and free T levels, respectively. They also reported no alterations 
in the resting plasma C levels from pre- to post-training. Filaire et al. (2002) examined 
highly trained cyclists before and after a 4-day intensified training period and reported 
contrasting findings to the observations in Grandys et al. (2009). Filaire et al. (2002) 
stated a reduction of 18% in the resting salivary T concentrations and a 16% elevation 
of resting salivary C concentration occurred when comparing pre- with post-training. 
Lucia et al. (2001) also studying highly trained cyclists reported a suppression of 
resting serum T over a consecutive 21-day cycle competition. This suppression was 
first observed at the end of the first week of competition and remained throughout the 
competition period. Unlike Filaire et al. (2002) a suppression of resting serum C was 
also found over the course of the competition. A longer duration training protocol used 
by Flynn et al. (1994) in collegiate runners and swimmers of 12 weeks (runners) and 
20 weeks (swimmers) suggested no change in the resting serum C concentration over 
the intensified training period in all athletes but a suppression of resting total and free 
serum T concentrations in the swimmers only. 
 
A major problem with the comparison of these studies is the inevitable variation in 
training protocols used. Many of these studies are completed during normal training 
with limited laboratory based protocols used. Despite these differences the findings do 
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suggest that the use of basal circulating C and T concentrations as markers of 
overreaching may not be reliable. 
2.3 Hormones 
 
Hormones are signalling molecules that regulate and co-ordinate physiological and 
metabolic functions. Hormones are synthesised in and secreted by endocrine glands 
located in various areas of the human body (Martin, 1976). Each gland can synthesise 
and secrete more than one type of hormone and they are secreted directly into the 
circulatory system. 
 
2.4 Classification of Hormones 
 
Hormones are categorised based on their chemical structure (Norman and Litwack, 
1987). This thesis will focus on peptide/protein hormones and steroid hormones. 
 
The peptide/protein hormones focused on in this thesis are adrenocorticotrophic 
hormone (ACTH), corticotrophin releasing hormone (CRH) and luteinising hormone 
(LH). These hormones stimulate the synthesis and release of other hormones. Within 
the category of steroid hormones there are sub-categories. This thesis will focus on 2 
of these sub-categories, androgens and glucocorticoids. The androgen hormone to be 
examined is T and the glucocorticoid is C. 
 
2.5 How Do Hormones Cause Action? 
 
Hormones selectively act upon target cells due to specific receptor proteins present in 
these targets. The circulatory system transports hormones to the tissues where the 
hormonal action occurs (McMurray and Hackney, 2005). For a hormone to cause a 
biological response it must be in a free state (unbound from any protein carrier) 
(Norman and Litwack, 1987). 
 
Once the hormone is in a free state it can bind to specific receptors located on the 
plasma membrane or in the cytoplasm of the receptor cell. Peptide/protein hormone 
receptors are on the plasma membrane of the target cells and steroid hormone 
receptors are located in the cytoplasm. Peptide/protein hormones are water soluble and 
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steroid hormones are lipid soluble. It is these characteristics that deny peptide/protein 
hormones and permit steroid hormones to pass through the plasma membrane. 
 
The peptide/protein hormones connect with a specific receptor on the plasma 
membrane of the cell forming the hormone-receptor complex (Martin, 1976). This 
complex activates the enzyme adenylate cyclase in the membrane of the target cell 
which in turn catalyses adenosine triphosphate (ATP) conversion to cyclic adenosine 
monophosphate (cAMP) (Norman and Litwack, 1987). Increases in cAMP activate 
one or more enzymes called protein kinases which phosphorylate specific proteins that 
cause a response in the cell (e.g. a change in motility, metabolism, synthesis, transport 
etc). Protein kinase phosphorylates the enzyme cholesterol ester hydrolase which 
catalyses the release of cholesterol from cholesterol esters, providing free cholesterol 
needed for steroid hormone synthesis as outlined in Figure  2.2 and Figure  2.5 (Molina, 
2004). 
 
 
Figure  2.2 The actions of peptide/protein hormones on their target cells 
1) Peptide/protein hormone travels in circulation 2) Peptide/protein hormone attaches 
to hormone receptor on plasma membrane 3) Hormone-receptor complex formed on 
plasma membrane activating the enzyme adenylate cyclase which catalyses synthesis 
of cAMP from ATP 4) Increased levels of cAMP increases protein kinease activity 
causing an elevation of steroidogenesis. 
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In contrast, steroid hormones pass through the cell membrane and connect with their 
specific receptors in the cytoplasm of the cell. Once the hormone-receptor complex is 
formed it can enter the nucleus. Here it attaches to a protein linked to DNA which 
contains instruction codes for protein synthesis. This initiates the steps leading to the 
synthesis of the specific messenger RNA (mRNA) bringing the code from the nucleus 
to the cytoplasm where the protein is synthesised (Bender, 2008). This process is 
outlined in Figure  2.3. 
 
 
Figure  2.3 The action of steroid hormones on their target cells 
1) Hormone diffuses through plasma membrane 2) Hormone-receptor complex formed 
in cytoplasm 3) Hormone-receptor complex passes to the nucleus 4) Attaches to 
protein linked to DNA 5) Synthesis of mRNA 6) Protein synthesis in cytoplasm. 
 
The quantity of cell hormone receptors can be either up-regulated (increased) or down-
regulated (decreased) by amending the number or sensitivity of the receptors. 
 
2.6 Hypothalamic-Pituitary-Adrenal Axis 
 
C is synthesised and secreted through the activation of the hypothalamic-pituitary-
adrenal (HPA) axis. This pathway begins with a releasing peptide hormone CRH from 
the hypothalamus. CRH is stimulated when the body experiences a stressful situation 
such as exercise. The stress situation activates the sympathetic nervous system (SNS) 
elevating the brain levels of noradrenaline stimulating the release of CRH (Mastorakos 
et al., 2005). Elevated serotonin levels in the brain have also been shown to stimulate 
the release of CRH (Norman and Litwack, 1987). Once secreted CRH travels in a 
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blood system called the hypothalamic-hypophyseal portal system (Lee and Laycock, 
1978). This system carries CRH directly to the pituitary gland. On exposure to CRH 
the anterior part of the pituitary gland produces a steroid hormone called ACTH 
(Norman and Litwack, 1987). 
 
Once ACTH is released into the blood for circulation 75% of it is bound to a 
glycoprotein called transcortin, 15% is loosely bound to plasma albumin and 10% is 
free (Lee and Laycock, 1978). After its secretion ACTH travels in the circulatory 
system to two adrenal glands, one located on top of each of the kidneys. The adrenal 
glands are made up of the adrenal cortex and adrenal medulla with the cortex making 
up approximately 90% of the adrenal gland mass (Figure  2.4). 
 
Figure  2.4 Diagram of human adrenal glands and kidneys 
(Taken from The American Heritage Science Dictionary (2010)) 
 
The adrenal cortex itself is made up of three sections, the zona glomerulosa, zona 
fasciculata and zona reticularis (Norman and Litwack, 1987). ACTH travels to 
receptors on the membrane of the zona fasciculata and zona reticularis causing a 
cascading event producing C via the synthetic pathway detailed in Figure  2.5. 
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Figure  2.5 A schema of the biosynthesis pathways of cortisol 
 
The regulation of the synthesis and release of C is controlled by a negative feedback 
loop as outlined in Figure  2.6. 
 
 
Figure  2.6 A schema of the negative feedback control of cortisol 
 
C stimulates gluconeogenesis in the body by inducing enzymes required for this 
process in the liver and kidney and mobilizes amino acids from extrahepatic tissues, 
mainly from skeletal muscle and lymphoid tissue to enter the gluconeogenetic 
pathway in the liver (Borer, 2003). 
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2.7 Circadian Rhythm 
 
The HPA axis is influenced by a circadian rhythm with peak concentrations seen early 
morning upon waking and a plateau seen a few hours after waking (Figure  2.7). 
 
Figure  2.7 Circadian rhythm of (A) plasma cortisol, (B) serum testosterone and (C) 
plasma ACTH concentrations in healthy male and female subjects. Reproduced from 
Crofford et al. (1997) (A & C) and Walton et al. (2007) (B). 
Values are means. 
 
A 
B 
C 
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2.8 Hypothalamic-Pituitary-Gonadal Axis 
 
T is synthesised and secreted through the activation of the hypothalamic-pituitary-
gonadal (HPG) axis. This pathway begins with a neurohormone called gonadotrophin 
releasing hormone (GnRH) originating in the hypothalamus which travels to the 
pituitary gland via the hypothalamic-hypophyseal portal system. When exposed to 
GnRH the anterior pituitary gland synthesises and secretes LH into the blood. LH 
travels to receptors on the Leydig cells of the testes. The majority of T (95%) in males 
is synthesised, stored and secreted from the Leydig cells the remaining 5% originates 
from the adrenal cortex (Lee and Laycock, 1978). T is formed from cholesterol in the 
synthetic pathway shown in Figure  2.8. 
 
 
Figure  2.8 A schema of the biosynthesis pathways of testosterone 
 
On secretion into the circulation 38% of T binds to albumin, 60% binds to a sex 
hormone binding globulin (SHBG) and 2% circulates freely (Borer, 2003; Crewther et 
al., 2006; Lewis, 2006). 
 
2.9 Cortisol Concentration and Acute Exercise 
 
In general plasma (and salivary) C concentrations increase following exposure to 
resistance and endurance exercise. There are certain factors that influence the 
magnitude of the exercise-induced changes in C concentration. These factors are the 
duration of exercise, intensity of exercise, the training status of the athlete and for 
resistance exercise the design of the resistance exercise scheme. 
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The duration and intensity of an exercise bout influences the magnitude of the 
exercise-induced increase in C. It has been reported that the exercise intensity must be 
of at least moderate intensity (~50% max2OV ) to elicit an increase in C. Exercise-
induced C increases at intensities of (~50% max2OV ) are not immediate with reports of 
increases occurring between 120-180 min following the onset of exercise (Tabata et 
al., 1991; Robson et al., 1999). With higher exercise intensities (>60% ) 
increases in C occur quicker with exercise durations of ~20-30 min inducing 
elevations in circulating C concentrations (Hoogeveen and Zonderland, 1996; Robson 
et al., 1999). 
 
Tremblay et al. (2004) suggested that the training status of the athlete influences the 
acute response of cortisol to exercise. This study compared the acute cortisol response  
to an endurance and resistant exercise bout in endurance-trained, resistance-trained 
and sedentary individuals. The workload in the exercise bouts were matched and it 
was found that endurance-trained individuals had a lower response of cortisol to the 
resistance bout compared with endurance-trained and sedentary groups.  
 
Resistance exercise also increases the circulating C concentration (Cadore et al., 2008; 
McCaulley et al., 2009). The design of the resistance exercise schemes that have been 
shown to cause increases in C concentrations have been hypertrophy schemes 
(McCaulley et al., 2009). A hypertrophy scheme is one which involves medium to 
high resistance loads (60-80% of 1 repetition maximum, 1-RM) completed in multiple 
repetitions. A classic hypertrophy scheme is 10 sets of 10 1-RM efforts (Whyte, 2006). 
A summary of the acute responses of cortisol to exercise is outlined in Table 2.1. 
 
  
max2OV
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 Table  2.1 Effect of an acute bout of exercise on the cortisol concentration response. 
RM = 1 repetition maximum 
~ = approximately 
 
Authors 
(Publication year) 
Participant 
population 
Exercise type Duration of 
exercise 
Fitness level Increase/
Decrease 
Percentage 
change 
Hoogeveen and Zonderland 
(1996) 
Professional cyclists Incremental cycle max test 30-35 min Max workload 420W Increase 51% 
Robson et al. 
(1999) 
Endurance trained Cycle at 80 % peakOV 2 until 
fatigue 
37 ± 19 min 60.1 ± 6.6 ml.kg-1.min-1 Increase 33% 
Van Bruggen et al. 
(2011) 
Physically fit and 
active 
Cycle at 80% peakOV 2  30 min 58.2 ±6.4 ml
.kg-1.min-1 Increase 40% 
Tabata et al. 
(1991) 
Physically fit and 
active 
Cycle 50% peakOV 2 until 
fatigue 
158 ± 43 min 61.2 ± 3.4 ml.kg-1.min-1 Increase 40% 
McCaulley et al. 
(2009) 
Resistance trained, 
physically fit 
Hypertrophy scheme ~15 min 1-RM – 170 ± 25 kg Increase 12% 
Robson et al. 
(1999) 
Endurance trained Cycle at 55 % peakOV 2 until 
fatigue 
1 h 60.1 ± 6.6  ml.kg-1.min-1 No 
change 
N/A 
Van Bruggen et al.(2011) Physically fit and 
active 
Cycling at 60% peakOV 2  30 min 58.2 ±6.4  ml
.kg-1.min-1 No 
change 
N/A 
McCaulley et al. 
(2009) 
Resistance trained, 
physically fit 
Power scheme – 8 sets of 6 
jump squats at max power load 
(3 min rest) 
~40 min 1-RM – 170 ± 25 kg Decrease 
(NS) 
-23% 
McCaulley et al. 
(2009) 
Resistance trained, 
physically fit 
Strength scheme ~60 min 1-RM – 170 ± 25 kg Decrease 
(NS) 
-18% 
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2.10 Cortisol Concentration and Chronic Exercise 
 
Resting and exercise-induced C concentrations after intensified training periods have 
been reported to increase, decrease and not change in the available literature. 
Hoogeveen and Zonderland (1996) reported increases in resting serum C 
concentrations of 39% (measured between 15:00 and 18:00) from pre to post a 3 
month intensified training period in professional cyclists. Barron et al. (1985) reported 
blunted resting plasma C responses (morning samples) to hypoglycaemia induced by 
insulin administration when the participants were overtrained compared with normally 
trained. Lehmann et al., (1993b) observed no changes in plasma C concentrations at 
rest (early morning samples) and following maximal exercise at 3 time points over a 9 
week (6 weeks of intensified training and 3 weeks recovery) period. Comparing 
studies of this nature is difficult as the training protocols differ with training periods of 
2 - 4 months utilised in the aforementioned studies. A summary of the response of C to 
chronic exercise is detailed in Table 2.2. 
 
  
 
17 
 
Table  2.2 Effect of an intensified training period on d cortisol concentrations. 
  
Authors 
(publication year) 
Participant population Training 
duration 
Fitness level Increase / 
Decrease 
Percentage 
change 
Resting sample 
or exercise 
sample 
Hoogeveen and 
Zonderland 
(1996) 
Professional cyclists 4 months Max workload 420watts Increase 39% Rest 
Kirwan et al. 
(1988) 
Collegiate level swimmers 10 days No data Increase 12.5% Rest 
Lehmann et al. 
(1993) 
Recreationally active 6 weeks 52.0 ± 5.2 ml.kg-1.min-1 No change N/A Rest 
Coutts et al. 
(2006) 
State level rugby league 6 weeks 56.1 ± 1.7  ml.kg-1.min-1 No change N/A Rest 
Robson et al. 
(2007) 
Endurance trained 4 weeks 64.8 ± 2.6 ml.kg-1.min-1 No change N/A Rest 
Mujika et al. 
(1996) 
Elite swimmers 12 weeks No data No change N/A Rest 
Hooper et al. 
(1992) 
Elite swimmers 6 months No data No change N/A Rest 
Urhausen et al. 
(1998) 
Cyclists and triathletes 19 months 61.2 ± 1.8 3 ml.kg-1.min-1 No change N/A Rest 
Flynn et al. 
(1994) 
Long distance runners 6 weeks 65.2 ± 1.3 ml.kg-1.min-1 No change N/A Rest 
Flynn et al. 
(1994) 
Swimmers 6 weeks 58.6 ±1.3 ml.kg-1.min-1 No change N/A Rest 
Lucía et al. 
(2001) 
Professional cyclists 4 weeks 75.3 ± 2.3 ml.kg-1.min- Decrease 40% Rest 
Barron et al. 
(1985) 
Long distance runners 4 months No data Decrease 83% Insulin induced 
hypoglycemia 
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2.11 Testosterone Concentration and Acute Exercise 
 
Similar to the C acute responses to exercise, plasma T (and salivary T) concentration 
increases in response to endurance and resistance exercise bouts. Short duration (~30 
min), high-intensity endurance exercise elevates serum total and free T concentration 
(Lehmann et al., 1993b; Hackney, 1996; Hoogeveen and Zonderland, 1996). 
Resistance exercise has also been shown to induce increases in plasma T concentration 
(Cadore et al., 2008; McCaulley et al., 2009). The resistance exercise should be a 
hypertrophy scheme as plasma T has been shown increase only in response to 
hypertrophy schemes (Hakkinen and Parkarinen, 1993; Crewther et al., 2008; 
McCaulley et al., 2009). A summary of the acute effect of exercise on testosterone 
concentration is outlined in Table 2.3. 
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Table  2.3 Effect of an acute bout of exercise on the testosterone concentration response. 
RM = 1 repetition maximum 
~ = approximately 
  
Authors 
(publication year) 
Participant population Exercise type Duration of 
exercise 
Fitness level Increase / 
Decrease 
Percentage 
change 
Hoogeveen and 
Zonderland 
(1996) 
Professional cyclists males Cycling 
incremental max 
test 
30-35 min Max workload 
420watts 
Increase 14% 
Lehmann et al. 
(1993) 
Physically active males Cycling 
incremental max 
test 
~30 min 52.0 ± 5.2 ml.kg-1.min-1 Increase 23% 
Cumming et al. 
(1986) 
Physically active males Cycling 
incremental max 
test 
~30 min 40 to 50  ml.kg-1.min-1 Increase 30% 
Cadore et al. 
(2008) 
Strength trained and 
untrained individuals 
Resistance 
exercise protocol 
~25 min 1-RM – 117 ± 46 kg Increase 25% 
McCaulley et al. 
(2009) 
Resistance trained, 
physically fit 
Hypertrophy– 4 x 
10 at 75% 1 RM 
~ 15 min 1-RM – 170 ± 25 kg Increase 32% 
Hakkinen and 
Parkarinen 
(1993) 
Strength trained athletes Hypertrophy - 10 
x10 x70% 1 RM 
~45 min 1-RM – 175 ± 34 kg Increase 17% 
McCaulley et al. 
(2009) 
Resistance trained, 
physically fit 
Power - 8 x 6 jump 
squats at max 
~40 min 1-RM – 170 ± 25 kg No change N/A 
Hakkinen and 
Parkarinen 
(1993) 
Strength trained athletes Strength – 20 x 
1RM @100% 
~60 min 1-RM – 175 ± 34 kg No change N/A 
Chapter 2  Literature Review 
20 
 
 
2.12 Testosterone Concentration and Chronic Exercise  
 
Similar to the chronic responses of C to exercise, T concentrations have been shown to 
increase, decrease and not change comparing before with after an intensified training 
period. McConnell and Sinning (1984) reported elevated resting plasma T 
concentrations on days 4 and 5 of a 5 day training period consisting of daily 45 min 
treadmill runs at 80% of the participant’s HRmax. Again comparison of these studies is 
difficult due to the different training schedules utilised. Grandys et al. (2009) also 
observed increases in resting plasma T concentrations (measured at 07:30 – 08:00) in 
young, fit males of 17% from before to after a 5 week endurance training period. 
Hoogeveen and Zonderland (1996) as explained in  2.10 studied professional cyclists 
over a 3 month intensified training period and reported a reduction in resting serum T 
concentrations (collected between 15:00 – 18:00) of 15% by the end of the training 
period. Urhausen et al. (1998) studying 17 endurance trained males over a 19 month 
period noted comparable resting (08:00 – 11:00) plasma T concentrations when in an 
overtrained state compared with when in a normally trained state. A summary of the 
effect of chronic exercise on testosterone concentration is outlined in Table 2.4. 
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Table  2.4 Effect of an intensified training period on the resting and exercise induced testosterone concentrations. 
 
  
Authors  
(publication year) 
Participant 
population 
Training 
duration 
Fitness level Increase/
Decrease 
Percentage change Resting/Exercise 
induced 
Grandys et al. 
(2009) 
Physically active 
males 
5 weeks 46.0 ± 3.7 ml.kg-1.min-1 Increase 17% Rest 
McConnell and Sinning 
(1984) 
Physically active 
males 
5 days No data Increase 24% Rest 
Urhausen et al. 
(1998) 
Cyclists and 
triathletes males 
19 months 61.2 ± 1.8 3 ml.kg-1.min-1 No change N/A Rest 
Flynn et al.  
(1994) 
Long distance 
runners males 
6 weeks 65.2 ± 1.3 ml.kg-1.min-1 No change N/A Rest 
Coutts et al. 
(2006) 
Rugby league males 6 weeks 56.1± 5.6 ml.kg-1.min-1 No change N/A Rest 
Jurimae et al. 
(2006) 
Rowers males 6 months 6.2 ± 0.5L.min-1 No change N/A Rest 
Lehmann et al. 
(1993) 
Physically active 
males 
6 weeks 52.0 ± 5.2 ml.kg-1.min-1 No change N/A Rest 
Hoogeveen and 
Zonderland 
(1996) 
Professional cyclists 
males 
4 months Max workload 420 W No change N/A Exercise induced 
incremental cycle 
to fatigue 
Hoogeveen and 
Zonderland 
(1996) 
Professional cyclists 
males 
4 months Max workload 420W Decrease 15% Rest 
Lucía et al. 
(2001) 
Professional cyclists 
males 
4 weeks 75.3 ± 2.3 ml.kg-1.min-1 Decrease 40% Rest 
Flynn et al. 
(1994) 
Swimmers 6 weeks 58.6 ±1.3 ml.kg-1.min-1 Decrease 43% Rest 
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2.13 Salivary Hormones 
 
The steroid hormones C and T can be measured in saliva samples. Steroid hormones 
enter saliva by diffusion through the acinar cells in the saliva glands (Vining et al., 
1983; Aps and Martens, 2005; Gatti and Palo, 2010). Therefore, the steroid hormone 
concentrations in saliva are independent of salivary flow rate (Chicharro et al., 1998; 
Lewis., 2006; Arreger et al., 2007). Unlike plasma samples salivary samples reflect 
the levels of free, biologically active C and T concentrations (Shirtcliff et al., 2001; 
Lewis, 2006). It is thought that the salivary C and T concentrations can reflect the 
activity of the free C and T levels in circulation. Positive correlations of serum and 
salivary C concentrations have been reported in untrained and resistance trained males 
both at rest and after a ~ 25 min resistance exercise bout by Cadore et al. (2008) 
(measured between 08:00 and 09:00). Port (1991) and VanBruggen et al. (2011) both 
observed positive correlations of salivary and serum C concentrations in healthy, fit 
male populations (measured between 10:00 and 12:00). Both these studies examined 
the participants at rest and while exercising at submaximal cycling intensities (Port, 
1991) and following high-intensity cycling exercises (VanBruggen et al., 2011). 
Shirtcliff et al. (2002) reported positive correlations between resting saliva and serum 
T (both free and total concentrations) concentrations in males when collected between 
08:00 and 15:00. 
 
2.14  Salivary Secretion 
 
Saliva is mostly produced by 3 pairs of glands in the mouth (Humphrey and 
Williamson, 2001). These glands are the parotid glands located inferior and anterior to 
the ears; the sublingual glands located beneath the tongue and the submandibular 
glands located at the base of the tongue in the posterior floor of the mouth 
(Figure  2.9). 
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Figure  2.9 The human salivary glands 
(adapted from :Mosby, S.(2009) Mosby's Medical Dictionary) 
 
The contribution of these glands during unstimulated flow is 65% submandibular, 20% 
from parotid and 7% sublingual. The remaining saliva comes from minor glands based 
in lower lip, tongue, palate, cheeks and pharynx (Humphrey and Williamson, 2001). 
 
The benefit of saliva as a biological fluid for the detection of free, biologically active 
hormones is that it is a non-invasive method and may reflect the behaviour of the free 
hormones (the biologically active fraction) in the circulation. The non-invasive nature 
of this collection method allows for repeated collections and it allows athletes to 
collect their own samples if required with very little training. 
 
2.15  Summary 
 
This chapter explained the incidence of UPS in an athletic population and highlighted 
the possibility of developing UPS if the training strategy of overreaching is executed 
incorrectly. The use of resting levels of salivary, plasma and serum C and T as 
markers of overreaching was reviewed. This review showed the inconsistency in the 
results of studies examining the reliability of the use of resting levels of these 
hormones as overreaching markers. This suggests that the use of resting C and T 
Sublingual gland Submandibular gland 
Parotid gland 
Parotid duct 
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concentrations are not sensitive enough to be reliable markers of overreaching. The 
review also highlighted the lack of examination of the exercise-induced responses of 
these hormones as possible overreaching markers. Findings of a study by Meeusen et 
al. (2004) suggested that exercise-induced hormonal responses may be reliable makers 
of an overreached state and suggest further study is warranted in this area. 
Chapter 3  General Methods 
25 
 
Chapter 3 General Methods 
 
3.1 Ethical Approval 
 
All studies in this thesis were approved before commencing by the Loughborough 
University Ethics Advisory Committee. Following approval a full verbal and 
written explanation of the study being undertaken and possible risks involved was 
given to each subject. Written informed consent (Appendix 1) to participate and a 
completed health questionnaire (Appendix 2) were collected before testing began. 
 
3.2 Peak Oxygen Uptake Assessment 
 
To measure peak oxygen uptake ( peakOV 2 ) a continuous, incremental exercise test 
was completed using cycle ergometry. Chapter’s 4 and 6 used mechanically braked 
cycle ergometers (Monark Ergomedic 894E, Vansbro, Sweden) and Chapter’s 5, 7, 
8 and 9 used electromagnetically braked cycle ergometers (Lode Excalibur Sport, 
Groningen, Netherlands in Chapter’s 5 and 8 and SRM GmbH, 52428 Julich, 
Germany in Chapter’s 7 and 9). The details of the protocols used to measure 
peakOV 2  are detailed in Table  3.1. 
 
Table  3.1 Details of the protocols used to measure peakOV 2 .  
Chapter number 
1st stage 
workload 
(W) 
Duration of each stage (s) 
2nd stage 
workload (W) 
Workload (W) 
increment in 
remaining stages until 
volitional exhaustion 
4 95 180 130  35 
5, 6 & 8 95 180 165/200 *  35 
7 & 9 100 15 5  5 
* workload was either 165 W or 200 W depending on the known fitness level or 
peakOV 2  of the subject from a previous test within the previous 12 months 
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In Chapter’s 4, 5, 6 and 8 when the subject’s heart rate (HR) reached 140 beats.min-1 
expired gas was collected for 1 min into Douglas bags during the final minute of 
each stage and during the final minute of the exercise test. Expired gas was analysed 
using an O2/CO2 analyser (Servomex 1440, Crowborough, UK) along with a dry gas 
meter (Harvard Apparatus, Edenbridge, UK) for the determination of the rates of 
oxygen consumption ( 2OV ) and carbon dioxide production ( 2COV ). HR was 
recorded continuously using short range radio telemetry (Polar F2, Polar Electro 
Oy, Kempele, Finland) and ratings of perceived exertion (RPE) using a 6-20 Borg 
scale were made in the final minute of each stage and in the final minute of the test.  
 
In Chapter’s 7 and 9 Breath-by-breath gas analysis (Oxygon Pro, Hoechberg, 
Germany) was analysed for the duration of the test. The peakOV 2  was determined as 
the highest 30 s averaged value recorded before volitional termination of the test. 
 
3.3 Percentage of peakOV 2  
 
In  Chapter 4 and  Chapter 6 percentage of peakOV 2 were used as the intensity level of 
exercise completed in the training days in these studies. These values were 
calculated by interpolating the relationship of peakOV 2  (L.min-1) and work rate (W). 
 
3.4 Maximum Power Output 
 
Maximum power output ( maxW
⋅
) was determined using the following equation:  
maxW
⋅
 = finalW + (t/T).Winc 
where finalW  is the power output during the final stage completed, t is the amount of 
time (s) reached in the final uncompleted stage, T is the duration of each stage (180 
s), and Winc is the workload increment (35 W) (Jeukendrup et al., 1996). 
Percentages of maxW
⋅
 were used as the intensity of exercise in  Chapter 5,  Chapter 
6,  Chapter 7 , Chapter 8 and  Chapter 9. 
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3.5 Saliva Collection, Handling and Analyses 
 
3.5.1 Saliva Collection and Handling 
Unstimulated saliva samples were collected by dribbling into a sterile vial (Sterilin, 
UK). In order to avoid the dilution of the saliva sample participants were not 
permitted to drink 10 min before saliva sampling began. In addition, apart from the 
immediate post-exercise sample, the participant sat resting for 10 min before 
collection. Throughout the sampling period eyes were open, head tilted slightly 
forward and minimal orofacial movement occurred. The duration of the saliva 
sampling was dictated by the volume of sample collected, once a sufficient volume 
was collected the sample collection ended. In general a sample volume of 2 mL was 
collected to complete all the analysis which took an average of 5 min to collect. All 
saliva samples were divided into aliquots and stored at –20ºC until further analysis. 
Analysis took place within a period of no longer than 3 months following collection. 
 
3.5.2 Determination of Salivary Cortisol Concentrations 
 
Salivary C concentrations were determined using commercially available enzyme-
linked immunosorbent assay (ELISA) kits (Salimetrics, PA 16803, USA). On the 
day of the assay all samples were thawed completely, vortexed and centrifuged at 
1500 g for 15 min. All samples went through one freeze-thaw cycle only. The 
microtitre plates were pre-coated with monoclonal antibodies to C. C in the 
standards and unknowns competed with C linked to horseradish peroxidase for the 
antibody binding sites. After incubating and washing away any unbound 
components peroxidase activity (which was inversely related to the sample C 
concentration) was measured by the reaction of the peroxidase enzyme on the 
substrate tetramethylbenzidine (TMB) producing a colour change. After stopping 
the reaction with 2.0 M sulphuric acid the optical densities of the standards and 
samples were read on a plate reader (Opsys MR, Dynex Technologies, West Sussex, 
UK) at 450 nm. 
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3.5.3 Determination of Salivary Testosterone Concentrations 
 
Salivary T concentrations were determined using commercially available ELISA 
kits (Salimetrics, PA 16803, USA). This ELISA was completed in a similar fashion 
to the salivary C kits explained in  3.5.2. The only differences were that the 
microtitre plate was coated with rabbit antibodies to T and the horseradish 
peroxidase was bound to T to compete with the T in the samples. 
 
3.6 Salivary and Urine Osmolality 
 
To test the participant’s pre-exercise hydration status osmolality was measured on 
urine samples ( Chapter 8) and saliva samples ( Chapter 4,  Chapter 5,  Chapter 6, 
Chapter 7 and  Chapter 9). Urine osmolality below 700 mOsmol.kg-1 (ACSM, 2007) 
and salivary osmolality below 100–150 mOsmol.kg-1 (Walsh et al., 2004) indicates 
euhydration status. Osmolality was determined using a cryoscopic (freezing point 
depression) osmometer (Osmomat 030, Gonotec GmbH, Berlin, Germany) 
calibrated with 1200 mOsmol.kg-1(urine samples) and 300 mOsmol.kg-1 (saliva 
samples) NaCl solution standards. The NaCl solutions were made up in the 
laboratory. 4.007g and 1.002g of NaCl was mixed in 100 ml of deionised water for 
the 1200 and 300 mOsmol·kg-1 solutions respectively.  
 
3.7 Blood Collection, Handling and Analysis  
 
3.7.1 Venepuncture 
Venous blood samples were collected by venepuncture from an antecubital vein by 
a trained phlebotomist using a 21G BD Vacutainer PrecisionGlide needle (Becton, 
Dickinson and Co., Oxford, UK) with the participant in a seated position. Samples 
were collected into 4.0 ml tripotassium ethylene diamine tetracetic acid (K3EDTA) 
Vacutainers (Becton, Dickinson and Co., Oxford, UK). All blood samples were 
immediately centrifuged at 1500 g for 10 min and plasma was divided into aliquots 
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and stored at -20°C until analysis. Analysis was completed in a period of no longer 
than 3 months. 
 
3.7.2 Cannulation 
 
When serial venous blood samples were required ( Chapter 5) an I.V. cannula 
(18GA Venflon, Becton, Dickinson and Co., Oxford, UK) was inserted into an 
antecubital vein and secured appropriately while the participant was in a supine 
position. Following this the participant moved to an upright sitting position and 
rested in this position for at least 10 min before blood collection. Samples were 
collected into 4.9 ml K3EDTA Monovettes (Sarstedt, 51582 Nümbrecht, Germany). 
All blood samples were immediately centrifuged at 1500 g for 10 min and plasma 
was divided into aliquots and stored at -20°C until analysis. Analysis was completed 
in a period of no longer than 3 months. 
 
3.7.3 Determination of Plasma ACTH Concentrations 
 
Plasma ACTH concentrations were determined using commercially available 
ELISA kits (Biomerica Inc., CA 92663, USA). It was an indirect ELISA with the 
two antibodies to ACTH being a goat polyclonal and mouse monoclonal antibody 
with the mouse monoclonal antibody labelled with horseradish peroxidase. The 
antibodies were simultaneously incubated with the standards and unknowns. After 
incubating and washing away any unbound components horseradish peroxidase 
activity was measured by the reaction of the peroxidase enzyme on the substrate 
TMB producing a colour change. After stopping the reaction with 2.0 M sulphuric 
acid the optical densities of the standards and samples were read on a plate reader 
(Opsys MR, Dynex Technologies, West Sussex, UK) at 450 nm. The amount of 
horseradish peroxidase detected, as measured by the intensity of colour, was 
inversely proportional to the amount of ACTH present. 
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3.7.4 Determination of Plasma Cortisol Concentrations 
Plasma C concentrations were determined using commercially available ELISA kits 
(DRG Instruments, Marburg, Germany). The assay principle was similar to the 
salivary C ELISA method explained in  3.5.2. 
 
3.7.5 Determination of Plasma Testosterone Concentrations 
Plasma T concentrations were determined using commercially available ELISA kits 
(DRG Instruments, Marburg, Germany). The assay principle was similar to the 
salivary T ELISA method explained in  3.5.3. The only difference was that the 
microtitre plate was coated with mouse monoclonal antibodies to T. 
 
3.8 Questionnaires and Diaries 
 
3.8.1 Recovery Stress Questionnaire for Athletes (REST-Q) 
 
The REST-Q records the frequency of stress and recovery events over a period of 
three days and nights (Kellmann and Kallus, 2001). Furthermore, it differentiates 
nonspecific and sport-specific areas of stress and recovery. The questionnaire 
consisted of 19 stress and recovery scales in total (7 general stress; 5 general 
recovery; 3 sport stress and 4 sport recovery). The scales and related questions from 
the questionnaires are outlined in Appendix 3 (REST-Q 52) and 4 (REST-Q 76). 
 
Two versions of this questionnaire were used in this thesis, REST-Q 52 ( Chapter 
5,  Chapter 6,  Chapter 7,  Chapter 8 and  Chapter 9) and REST-Q 76 ( Chapter 4). The 
number following “REST-Q” relates to the number of questions in the 
questionnaire. 
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3.8.2 Training Diaries 
 
 Chapter 5 to  Chapter 9 each participant completed a training diary in these studies 
in which they recorded the duration and content of each training session. A copy of 
the training diary is outlined in Appendix 5. 
 
3.8.3 Food Diaries 
 
In all experiments each participant completed a food diary 24 h before each 
experimental trial. Each participant was given detailed instructions on measuring, 
weighing and recording food intake and given a copy of a food diary to complete. 
The food diaries had guidelines printed on the front to remind the participants how 
to complete the diary appropriately. A copy of the food diary used is outlined in 
Appendix 6. 
 
3.9 Heart Rate Monitoring Team System 
In  Chapter 6,  Chapter 7 and  Chapter 9 HR was measured during training sessions 
outside of the laboratory. Each participant wore a Polar team system (Polar Team 
System, Polar Electro Oy, Kempele, Finland) heart rate monitor which measures 
HR every 5 s. This data was downloaded onto a computer via an interface and the 
Polar software was used for analysis. 
Chapter 4  Study1 
32 
 
Chapter 4 Study 1 
The effect of a 4-day intensified endurance training period on 
salivary and plasma hormonal responses to two incremental 
cycle bouts separated by 3 h recovery in men 
Abstract 
The purpose of this study was to establish the effects of an intensified training 
period on salivary and plasma hormonal responses to 2 incremental cycles to 
exhaustion separated by 3 h recovery. A secondary aim was to establish the 
relationships between salivary and plasma C concentrations and between salivary 
and plasma T concentrations. Eight healthy, physically active young male 
participants completed a resting trial (REST) and completed an exercise protocol 
which consisted of 2 incremental cycles to exhaustion (Exhaust 1 and 2) separated 
by 3 h resting recovery on two separate occasions, both before and after a 4-day 
intensive training period. Each training day consisted of two exercise bouts 
separated by 1 h rest, the first bout was a 2 h cycle at 75% peakOV 2  (75% CYCLE) 
and the second a 30 min cycle consisting of 1 min at 90% peakOV 2  and 1 min at 60 
W (90% CYCLE). Blood and saliva samples were collected pre and post Exhaust 1 
and 2. Saliva samples were collected on training day 1 and 4 at pre and post 75% 
CYCLE and 90% CYCLE. Pre- and post-training salivary C was more sensitive 
than plasma C to the stress of the Exhaust bouts. Increases were found in salivary C 
from pre to post Exhaust 2 both before and after the intensified training period (p < 
0.01) but no exercise-induced increases were found in plasma C. Salivary and 
plasma T responses to the Exhaust bouts post-training were blunted compared with 
pre-training (p < 0.05). This was due to the resting salivary T (575 (pre-training) vs 
428 pmol·L-1 (post-training)) and plasma T (21.2 (pre-training) vs 15.7 nmol·L-1 
(post-training)) concentrations both being 26% lower at the beginning of the 
exhaustion protocol post-training compared with pre-training (p < 0.05). Pearson’s 
correlation analysis indicated that the salivary hormones measured did not reflect 
the levels of the plasma hormones with few significant correlations found between 
salivary and the plasma C or between salivary and plasma T concentrations. It was 
concluded that the exhaustion protocol used in this study was not stressful (i.e. 
sensitive) enough to show any alterations in the exercise-induced salivary and 
plasma C concentrations following a 4-day intensified training period. This 
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protocol, however, could highlight changes in both the exercise-induced salivary 
and plasma T concentrations following the intensified training period. In addition 
the salivary and plasma steroid hormones measured did not correlate consistently. 
This suggested that salivary and plasma C and T concentrations do not respond in a 
similar manner or with timecourse in response to an incremental exercise stressor. 
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4.1 Introduction 
 
UPS has been reported to occur in ~60% of long distance runners over their 
competitive career (Morgan et al., 1987). Moreover, Raglin and Morgan (1994) and 
Budgett (2000) have reported seasonal incidences of UPS in swimmers and 
endurance athletes of ~10%. To avoid the development of UPS finding a reliable 
biological marker of overreaching would be useful. Previously it has been suggested 
that resting levels of C and T could be possible markers of overreaching as these 
hormones can indicate the body’s catabolic/anabolic balance but extensive research 
in this area have provided inconclusive findings as detailed in  2.10 and  2.11. 
 
What has yet to be extensively examined is the possibility of the exercise-induced 
responses of C and T concentrations being used as a reliable marker of 
overreaching. To this author’s knowledge Meeusen et al. (2004 & 2010) are the 
only authors to have addressed this question. They measured responses of plasma 
ACTH, C, growth hormone and prolactin to a protocol consisting of 2 incremental 
cycles to exhaustion separated by a short resting recovery period in normally 
trained, overreached and overtrained athletes. Meeusen et al. (2004) reported 
reductions of 72% and 125% in exercise-induced ACTH and C concentrations, 
respectively, to the second cycle to exhaustion when athletes were overreached 
compared to normally trained. Meeusen et al. (2010) reported elevated exercise-
induced ACTH levels to the second exhaustion bout in overreached athletes 
compared with those classed as suffering from UPS. Meeusen et al. (2004 & 2010) 
used this repeated exercise bout as it gave an insight into the hormonal responses to 
the exercise bouts and to the recovery periods between bouts. In addition Ronsen et 
al. (2001) reported that the hormonal responses to a repeated high-intensity exercise 
bout are greater compared with a single high-intensity exercise bout alone. 
 
In this present study the responses of the concentrations of salivary and plasma T (in 
addition to salivary and plasma C and plasma ACTH) to a similar incremental 
cycling protocol were measured as this was not done by Meeusen et al. (2004) or 
Meeusen et al. (2010). As explained in section  2.13 C and T can be measured in 
both saliva and blood. Salivary collections are non-invasive and in this respect 
would be preferable to blood sampling for regular monitoring of athletes. Previous 
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studies have reported positive correlations between salivary and blood 
concentrations for both hormones as described in  2.13 but studies examining the 
relationships between both salivary and blood C and T concentrations have 
provided inconsistent findings. For this reason this present study also sought to 
examine the relationships between the salivary and plasma C and T concentrations 
at rest and following the incremental cycle bouts. 
 
The main aim of this present study was to determine if an exhaustion protocol 
consisting of 2 incremental cycles to exhaustion could highlight hormonal 
adaptations in response to a 4-day intensified training period. This aim was 
achieved by measuring the responses of plasma and salivary C and T and plasma 
ACTH concentrations to 2 identical incremental cycling bouts to exhaustion 
separated by 3 h resting recovery 1 day before and 1 day after a 4-day intensified 
training period. A secondary aim was to examine the relationships between salivary 
and plasma C and salivary and plasma T concentrations both before and after a 4-
day intensified training period. It was hypothesized that the hormonal responses to 
the incremental cycling bouts after the 4-day training period would be reduced 
compared with before the training similar to the findings of Meeusen et al. (2004). 
In addition it was hypothesized that the salivary and plasma C and T concentrations 
would show positive correlations at rest and following exercise before and after the 
training period as reported by Cadore et al. (2008). 
Chapter 4  Study1 
36 
 
4.2 Methods 
 
4.2.1 Participants 
 
Eight healthy, physically active male participants volunteered to take part in this 
study. The participants’ characteristics are outlined in Table  4.1. 
 
Table  4.1 Participants’ anthropometric and physiological characteristics (n = 8). 
Variable  
Age (year) 25 ± 5 
Body mass (kg) 75.5 ± 9.1 
Height (cm) 182 ± 11 
Peak oxygen uptake ( peakOV 2 )(mL.kg-1.min-1) 58.2 ± 4.6 
Maximum heart rate (HRmax) (beats.min-1) 186 ± 6 
Maximum power output ( maxW
⋅
) (W) 337 ± 21 
Values are mean ± SD. 
 
All participants reported to the laboratory on eight occasions over a period of 14 
days to complete the preliminary measurements and main trials. 
 
4.2.2 Preliminary Measurements 
On the first visit each participant’s peakOV 2  and maxW
⋅
 were determined as outlined 
in  3.2 and  3.4. The work rates equivalent to 75% and 90% peak2OV  were calculated 
as described in  3.3. These values were used as the work rates during the 4-day 
training period. 
 
On all subsequent visits to the laboratory the participants were requested to 
consume a standardised breakfast before 08:00. Participants remained fasted from 
08:00 until the end of each trial. The participants abstained from caffeine and 
alcohol intake 24 h before each trial. Each trial began at the same time of day for 
each participant (10:00). The participants drank water ad libitum during the trials 
except 10 min before the collection of all saliva samples as explained in  3.5.1. The 
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average laboratory temperature and relative humidity readings during the 
assessment of the peak2OV   were 20.9 ± 1.8˚C and 49 ± 12%, respectively. 
 
4.2.3 Main Trials 
 
During the second visit to the laboratory the participants completed a resting trial 
(REST) where they sat resting in the laboratory and salivary and blood samples 
were collected at the timepoints indicated in the schema in Figure  4.1. 
 
During the third and eighth visits to the laboratory the participants completed 2 
incremental cycles to exhaustion (Exhaust 1 and Exhaust 2). These cycles were 
completed on a mechanically braked cycle ergometer (Monark Ergomedic 894E, 
Vansbro, Sweden). These cycle tests began at 95 W and the work rate was increased 
by 35 W every 3 min until volitional exhaustion. No encouragement was given 
during these bouts and both were separated by 3 h resting recovery. Blood and 
saliva samples were collected pre and post Exhaust 1 and 2 and were handled and 
stored as described in  3.5.1 and  3.7.1 and  3.7.2. A REST-Q questionnaire was 
completed at the beginning of all main trial visits (Figure  4.1). The average 
temperature and relative humidity during the Exhaust and REST trials was 22.0 ± 
0.4˚C and 49 ± 1%, respectively. 
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Figure  4.1 Schema for visits 2*, 3 and 8. 
* Does not include any exercise bouts 
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The fourth to seventh visits were completed over 4 consecutive days. Each visit 
consisted of a 2 h cycle at 75% peak2OV  (75% CYCLE) and a 30 min high-intensity 
cycle consisting of alternating 1 min blocks at 90% peak2OV  and at 60 W (90% 
CYCLE). These cycles were separated by a 1 h resting recovery period. Each visit 
began at the same time of day (10:00). Exercise intensity was measured during the 
75% CYCLE by collection of expired gas samples every 10 min for the first 30 min 
of the cycle and every 15 min thereafter. If the 2OV  was not at the appropriate level 
the work rate was amended accordingly. The average temperature and relative 
humidity during the training day trials was 21.5 ± 1.4˚C and 47 ± 3%, respectively. 
 
4.2.4 Plasma and Salivary Handling and Analyses 
 
Saliva and blood samples were handled as described in  3.5.1,  3.7.1 and  3.7.2. 
Plasma and salivary C and T and plasma ACTH concentrations were determined as 
described in  3.5 and  3.7 by the ELISA method. The reproducibility of these assays 
are shown in Table  4.2. 
 
Table  4.2 The intra- and inter-assay coefficient of variations (CVs) for the salivary 
and plasma hormone ELISA assays. 
Hormone Intra-assay variation (%) Inter-assay variation (%) 
Plasma cortisol 5.3 6.1 
Salivary cortisol 3.0 4.0 
Plasma 
testosterone 3.1 3.5 
Salivary 
testosterone 3.0 5.1 
Plasma ACTH 6.2 3.9 
 
On all main trials salivary osmolality was measured in the Pre Exhaust 1 samples as 
described in  3.6. 
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4.2.5 Statistical Analyses 
 
Data in the text, tables and figures are presented as mean and SD values. Osmolality 
was analysed with a one-way repeated measured ANOVA (Analysis of variance). 
Hormone values which were parametric data were analysed using a two-way (Trial 
x Time) repeated measures ANOVA. On finding a main effect, post-hoc Student’s 
paired samples t-test analysis with Holm-Bonferroni adjustments was completed to 
locate the differences. Non-parametric data were analysed using a Friedman’s 
ANOVA and a Wilcoxon signed ranked test. Relationships between the plasma and 
salivary hormones were measured using a Pearson's correlation coefficient analysis. 
Unless otherwise stated statistical significance was accepted at p < 0.05. 
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4.3 Results 
 
REST Day 
 
4.3.1 Plasma and Salivary Cortisol 
 
Plasma and salivary C concentrations decreased during the REST trial. Plasma C 
concentrations were lower than Pre Exhaust 1 levels at the Post Exhaust 2 time 
point (p = 0.009). The salivary C concentrations decreased from Pre Exhaust 1 
levels to Pre Exhaust 2 (p = 0.010) and remained below Pre Exhaust 1 levels at Post 
Exhaust 2 (p = 0.002) (Table  4.3). 
 
4.3.2 Plasma and Salivary Testosterone 
 
Plasma and salivary T concentrations did not change significantly over the REST 
trial (p > 0.05) (Table  4.3). 
 
Table  4.3 The salivary and plasma cortisol and testosterone responses during the 
REST trials. 
 Pre Exhaust 1 Post Exhaust 1 Pre Exhaust 2 Post Exhaust 2 
Plasma cortisol 
(nmol.L-1) 371 ± 104 341 ± 74 261 ± 116 257 ± 56* 
Salivary cortisol 
(nmol.L-1) 10.7 ± 4.0 6.4 ± 1.8 6.1 ± 2.4* 5.1 ± 2.2* 
Plasma testosterone 
(nmol.L-1) 20.3 ± 7.5 20.8 ± 8.0 22.4 ± 9.9 22.4 ± 10.7 
Salivary testosterone 
(pmol.L-1) 540 ± 159 468 ± 197 572 ± 287 538 ± 297 
Values are means ± SD. 
* - Different than Pre Exhaust 1 concentrations. 
 
Exhaustion Trials (Exhaust 1 and 2) 
 
4.3.3 Time to Exhaustion and Maximum Power Output ( maxW
⋅
) 
 
The average ± SD times to exhaustion in all the Exhaust bouts were 1385 ± 287 s 
(Exhaust 1); 1338 ± 260 s (Exhaust 2) (3% decrease from Exhaust 1 to 2)(pre-
training); 1366 ± 274 s (Exhaust 1); 1324 ± 285 s (Exhaust 2) (3% decrease from 
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Exhaust 1 to 2) (post-training). The average ± SD maxW
⋅
 achieved in the Exhaust 
trials were 326 ± 58 W (Exhaust 1); 317 ± 53 W (Exhaust 2) (pre-training); 326 ± 
53 W (Exhaust 1) and 317 ± 55 W (Exhaust 2) (post-training) (Figure  4.2 and 
Figure  4.3). Pre-training the time to exhaustion and maxW
⋅
 achieved in Exhaust 1 
was greater than achieved in Exhaust 2 (p = 0.04 for both) (Figure  4.2 and 
Figure  4.3). Times to exhaustion and maxW
⋅
 in Exhaust 1 and 2 remained the same 
when comparing pre- with post-training although there was a trend for a reduction 
in both maxW
⋅
 and exhaustion times post-training as seen pre-training (p = 0.055 for 
both) (Figure  4.2 and Figure  4.3). 
 
Figure  4.2 Times to exhaustion in Exhaust 1 and 2 pre and post a 4-day intensified 
training period. 
Values are means ± SD. 
* - Different than Exhaust 1. 
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Figure  4.3 Maximum workrates ( maxW
⋅
) achieved in Exhaust 1 and 2 pre- and post 
a 4-day intensified training period. 
Values are means ± SD. 
* - Different than pre-training. 
 
4.3.4 Maximum Heart Rate (HRmax) 
 
Maximum heart rate (HRmax) values recorded pre-training during Exhaust 1 and 
Exhaust 2 were higher than the post-training measurements (p = 0.009). Mean 
HRmax for Exhaust 1 and Exhaust 2 were 181 ± 9 and 180 ± 9 beats.min-1 (Pre-
training) and 173 ± 7 and 172 ± 12 beats.min-1 (Post-training), respectively. 
 
4.3.5 REST-Q 
 
Analysis of the collated REST-Q stress scales scores showed an increase after the 4-
day training period compared with before the training period (p = 0.005). This 
increase in stress scores was due to an increase in all sport specific stress scales and 
just under half of the general stress scales. Collated recovery scales scores did not 
show any difference between pre and post the 4-day training period (p = 0.579). 
 
4.3.6 Salivary Osmolality 
 
The average salivary osmolality values at Pre Exhaust 1 in the REST and Exhaust 
trials pre- and post-training were 51 ± 20; 55 ± 17 and 68 ± 22 mOsmol.kg-1, 
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respectively. There was no difference between the osmolality measurements made 
on all 3 trials (p = 0.364). 
 
4.3.7 ACTH 
 
Pre-training acute increases in the ACTH concentration were found from pre to post 
Exhaust 2 (p = 0.016). Post-training acute ACTH concentration increases were 
found from pre to post Exhaust 1 and Exhaust 2 (p = 0.016 for both) (Figure  4.4). 
 
Figure  4.4 Plasma ACTH concentration responses to Exhaust 1 and 2 pre and post a 
4-day intensified training period. 
Values are means ± SD. 
* - Different than Pre Exhaust 1; ** - Different than Pre Exhaust 2. 
 
 
4.3.8 Plasma Cortisol 
 
The response of the plasma C concentrations to Exhaust 1 and 2 did not change 
when comparing pre- with post-training. Pre-training plasma C concentrations 
dropped below pre Exhaust 1 levels at pre-Exhaust 2 (p = 0.024) (Figure  4.5). 
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Figure  4.5 Plasma cortisol concentration responses to Exhaust 1 and 2 pre and post 
a 4-day intensified training period. 
Values are means ± SD. 
* - Different than Pre Exhaust 1. 
 
4.3.9 Salivary Cortisol 
 
The 4-day training period did not have an effect on the salivary C responses to 
Exhaust 1 and 2 (p = 0.072). Acute increases from pre to post Exhaust 2 (but not 
Exhaust 1) were found in salivary C concentrations both pre- and post-training (p = 
0.014 and p = 0.003 respectively) (Figure  4.6). The pre Exhaust 2 C concentrations 
were lower than pre Exhaust 1 both pre- and post-training (p = 0.003 for both) 
(Figure  4.6). 
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Figure  4.6 Salivary cortisol concentration responses to Exhaust 1 and 2 pre and post 
a 4-day training period. 
Values are means ± SD. 
* - Different than Pre Exhaust 1; ** - Different than Pre Exhaust 2. 
 
4.3.10 Plasma Testosterone 
 
The plasma T concentrations in response to the Exhaust bouts were greater before 
the training period compared with after (p = 0.013) (Figure  4.7). Acute increases in 
the plasma T concentrations were found from pre to post Exhaust 1 both pre- and 
post-training (p = 0.012 and p = 0.005 respectively) (Figure  4.7). Blunted basal (Pre 
Exhaust 1 time point) plasma T concentrations were found when comparing post-
training with pre-training (p = 0.002) (Figure  4.7). No differences were found when 
examining the absolute change of plasma T concentrations from pre to post for each 
of the Exhaust bouts (p > 0.05). 
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Figure  4.7 Plasma testosterone concentration responses to Exhaust 1and 2 pre and 
post the 4-day intensified training period. 
Values are means ± SD. 
* - Different than pre Exhaust 1; # - Different than pre-training; † - Time point 
different than pre-training. 
 
4.3.11 Salivary Testosterone 
 
The salivary T responses to the both Exhaust bouts were greater pre-training 
compared with post-training (p = 0.028) (Figure  4.8). Acute salivary T 
concentration increases from Pre Exhaust values were found following all Exhaust 
bouts (p < 0.01 for all) (Figure  4.8). Blunted basal (Pre Exhaust 1 time point) 
salivary T concentrations were found when comparing post-training with pre-
training (p = 0.006) (Figure  4.8). No differences were found when examining the 
absolute change of salivary T concentration from pre to post for each of the Exhaust 
bouts. 
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Figure  4.8 Salivary testosterone concentration responses to the Exhaust 1 and 2 pre 
and post a 4-day training period. 
Values are means ± SD 
* - Different from pre Exhaust 1; ** - Different from pre Exaust2; # - Different than 
pre-training; † - time point different than pre-training. 
 
4.3.12 Plasma C/T ratio 
 
The responses of the C/T ratio to the Exhaustion bouts did not change pre- to post-
training (p > 0.05) (Figure  4.9). 
 
Figure  4.9 The C/T ratio responses to Exhaust 1 and 2 pre and post a 4-day 
intensified training period. 
Values are means ± SD. 
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4.3.13 Salivary C/T ratio 
 
The salivary C/T ratio responses to exercise was not affected by the 4-day training 
period. Pre-training an acute decrease in the salivary C/T ratio was found from Pre 
Exhaust 1 to Post Exhaust 1 (p = 0.022) with a trend for a decrease also found at the 
same time point post-training (p=0.054). Both pre- and post-training decreased 
salivary C/T ratios were found at Pre Exhaust 2 when compared with Pre Exhaust 1 
(Figure  4.10). 
 
Figure  4.10 The salivary C/T ratio responses to Exhaust 1 and 2 pre and post a 4-
day training period. 
Values are means ± SD. 
* - Different than Pre Exhaust 1 levels 
 
4.3.14 Correlation of Salivary and Plasma Hormones 
 
The salivary and plasma C concentrations positively correlated at Pre Exhaust 2 pre-
training and Post Exhaust 1 post-training (Table  4.4). The salivary and plasma T 
concentrations positively correlated at Pre Exhaust 2 pre-training and Post Exhaust 
1 and 2 post-training (Table  4.4). 
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Table  4.4 Pearson product moment correlation coefficients and significance values 
for the plasma and saliva cortisol and testosterone concentrations at Pre and Post 
Exhaust 1 and 2 both pre- and post- a 4-day intensified training period. 
Pre-Training Plasma and Salivary Cortisol  
Correlations 
Plasma and Salivary 
Testosterone Correlations 
Pre Exhaust 1 r = 0.631; p = 0.093 r = 0.476; p = 0.233 
Post Exhaust 1 r = 0.384; p = 0.348 r = 0.571; p = 0.139 
Pre Exhaust 2 r = 0.781; p  = 0.022* r = 0.810; p = 0.015* 
Post Exhaust 2 r = 0.588; p = 0.126 r = 0.690; p = 0.58 
Post-Training   
Pre Exhaust 1 r = 0.278; p = 0.505 r = 0.452; p = 0.260 
Post Exhaust 1 r = 0.812; p = 0.014* r = 0.881; p = 0.004* 
Pre Exhaust 2 r = 0.648; p = 0.083 r = 0.667; p = 0.071 
Post Exhaust 2 r = 0.477; p = 0.232 r = 0.833; p = 0.010* 
* - Significant correlation (p < 0.05). 
 
4-Day Intensified Training Period 
 
As a reminder the training period consisted of 4 consecutive days. Each day 
consisting of a 2 h cycle at 75% peak2OV  (75% CYCLE) followed by 1 h resting 
recovery. Immediately following the recovery period the participant cycled 1 min at 
90% peak2OV   followed by 1 min at 60 W, this was repeated 15 times giving a total 
cycle time of 30 min (90% CYCLE). The salivary hormones C and T were 
examined on the first and last day of the training period. 
 
4.3.15 Exercise Intensity During 4-Day Training Schedule 
 
An average percentage of peak2OV was calculated for each 2 h cycle bout. An 
average over the 4-day training period was calculated for each participant. The 
mean exercise intensity during the 2 h cycles was 74 ± 3% of peak2OV . 
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4.3.16 Salivary Cortisol 
 
The response of the salivary C concentrations to both exercise bouts were higher on 
Training Day 1 compared with Training Day 4 (p = 0.014) (Figure  4.11). On 
Training Day 1 salivary C concentration increased from Pre to Post 75% CYCLE (p 
= 0.025) and from Pre to Post 90% CYCLE (p = 0.041) (Figure  4.11). 
 
 
Figure  4.11 Salivary cortisol concentration responses to the 75% CYCLE and 90% 
CYCLE sessions on Training Day 1 and Day 4 of a 4-day training schedule. 
Values are means ± SD. 
*- Different than Pre 75% CYCLE; ** - Different than Pre 90% CYCLE; # - 
Different than Training Day 1. 
 
4.3.17 Absolute Salivary Cortisol Concentration Change 
 
The absolute changes of the salivary C concentration in response to the 75% 
CYCLE and 90% CYCLE were higher on Training Day 1 compared with Training 
Day 4 (p < 0.05). 
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Figure  4.12 Absolute change of the salivary cortisol concentrations in response to a 
2 h cycle at 75% peak2OV . and cycle exercise sessions in training Day 1 and Day 4 
of a 4-day training schedule. 
Values are means ± SD. 
# - Different than Training Day 1. 
 
4.3.18 Salivary Testosterone 
 
The responses of the salivary T concentrations to both the 75% CYCLE and the 
90% CYCLE were greater on Training Day 1 compared with Training Day 4 (p = 
0.001) (Figure 4.13). Acute increases in the salivary T concentration were only 
found in Training day 1 form Pre 75% CYCLE to post 75% CYCLE (p = 0.0001) 
(Figure 4.13). 
 
Chapter 4  Study 1 
53 
 
Figure  4.13 Salivary testosterone concentrations in response to the 75% CYCLE 
and 90% CYCLE sessions on Training Day 1 and Day 4 of a 4-day training 
schedule 
Values are means ± SD. 
* - Different than Pre 75% CYCLE;  # - Different than Training Day 1. 
 
4.3.19 Absolute Salivary Testosterone Concentration Change 
 
The absolute change of the salivary T concentration in response to the 75% CYCLE 
and 90% CYCLE was not affected by the 4-day intensified training period. 
(Figure  4.14). 
 
 
Figure  4.14 Absolute change of the salivary testosterone concentrations in response 
to cycle exercise sessions on Training Day 1 and Day 4 of a 4-day training schedule. 
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4.3.20 sC/T Ratio 
 
No effects of training or time were found in the sC/T ratio between Training Day 1 
and Training Day 4 (Figure  4.15). 
 
 
Figure  4.15 Salivary C/T ratio responses to the 75% CYCLE and 90% CYCLE 
sessions on Training Day 1 and Day 4 of a 4-day training schedule. 
Values are means ± SD. 
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4.4 Discussion 
 
The main findings of the present study were that the salivary and plasma C and 
plasma ACTH concentrations in response to 2 incremental cycle exhaustion bouts 
separated by 3 h rest were unaffected by a 4-day intensified training period. The 
responses of plasma and salivary T concentrations to the Exhaust bouts were 
blunted post-training compared with pre-training. On examination of the absolute 
change of plasma and salivary T concentrations from pre-Exhaust levels it was clear 
that the secretion of T was not blunted post-training. This blunting was due to lower 
basal resting concentrations at the beginning of the Exhaust trials post-training 
compared with pre-training. 
 
Analysis of saliva samples on day 1 and day 4 of the 4-day intensified training 
period highlighted a blunting of the exercise-induced salivary C and T responses to 
both the 75% CYCLE and the 90% CYCLE on training day 4 compared with 
training day 1. Examination of the absolute changes of salivary C and T 
concentrations in response to both cycles indicated that a lower absolute change in 
salivary C occurred post-training in response to both bouts whereas no alterations in 
the absolute change of T occurred. In conclusion the blunting of the exercise-
induced salivary C responses in training day 4 appear to be due to a lower secretion 
and/or increased clearance rate. Correlation analysis of salivary and plasma C and T 
concentrations highlighted weak relationships between the salivary and plasma 
hormones at rest and following exhaustive exercise. 
 
Using the time to exhaustion as a performance measure it was found that the pre- 
and post-training physical performance levels were similar. Despite the similar 
physical performance levels the participant’s REST-Q scores highlighted increases 
in stress levels from pre- to post-training. Examination of the subscales of the 
REST-Q highlighted increases in all sport specific stress subscales and 3 of the 7 
general stress subscales. These results suggest that the increases in the 
psychological stress levels did not influence physical performance levels. 
 
Meeusen et al. (2004) reported acute increases in ACTH concentrations in response 
to 2 incremental exercise to exhaustion cycles separated by 4 h rest while in a 
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normal trained state. As a similar protocol was used in this present study similar 
findings were expected. Our results showed acute ACTH increases in 3 out of the 4 
Exhaust bouts, in response to one bout pre-training and both bouts post-training. 
The magnitude of the ACTH exercise-induced increases were similar when 
compared with the findings of Meeusen et al. (2004) with pre-training percentage 
increases of 256% (Exhaust 1) and 267% (Exhaust 2) of ACTH in this present study 
compared with 183% (exhaustion bout 1) 310% (exhaustion bout 2) increases in 
ACTH reported by Meeusen et al. (2004) in response to both their exhaustion bouts 
before their training camp. 
 
Exercise-induced increases in C were expected in response to the 2nd exercise bout 
pre-training when the participants were in a normal trained state as reported by 
Meeusen et al. (2004) in their normally trained individuals. Exercise-induced 
increases in salivary C but not plasma C were found in response to the 2nd Exhaust 
bouts both pre- and post-training. This finding suggests that the salivary C measures 
were more sensitive to the exercise stress compared to the plasma measures. The 
observed increases in the plasma ACTH concentration in response to 3 of the 4 
Exhaust bouts indicates the early stages of the HPA axis are responding to the 
exercise stress in the Exhaust bouts. Following an increase in ACTH concentration 
we would expect an increase in the C concentration. It is possibly that a peak in C 
concentration occurred some time after the cessation of the incremental cycle to 
exhaustion. 
 
It was hypothesised that a blunted exercise-induced ACTH and C response to the 
Exhaust bouts would be found post-training. This was not observed in the present 
study and it is likely that the expected change in ACTH and C responses did not 
occur due to the shorter training period (4 days training) utilised in this present 
study compared with the 10 days of intensive training in the study by Meeusen et al. 
(2004). With a shorter period of intensified training it is possible that changes in the 
ACTH and C responses to exercise may not have occurred as the participants were 
not at an appropriate fatigue level. The REST-Q scores in this present study 
confirmed that the participant’s stress levels, in particular their sport related stress 
levels increased from pre- to post-training. Despite this increase in stress scores the 
performance times in each Exhaust bout did not change when pre- and post-training 
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cycling times to exhaustion were compared. Meeusen et al. (2004) reported that pre-
training their participants’ mean time to exhaustion was 3% lower in exhaustion 
bout 2 compared with 1 whereas post-training a 6% reduction in times to exhaustion 
were reported in exhaustion bout 2 compared with 1. In this present study a 3% 
reduction in exhaustion times comparing Exhaust 2 to Exhaust 1 were found both 
pre- and post-training. This finding indicates that despite the increase in stress levels 
in our participants the performance levels were unaffected by this increase caused 
by the 4-day intensified training period. 
 
As mentioned previously none of the Exhaust bouts caused elevations of plasma C 
and exercise-induced salivary C elevations were only found in response to the 2nd 
Exhaust bouts pre- and post-training. These observations suggest that the use of the 
Exhaust bouts to indicate an overreached state via a blunting of the C responses to 
the exercise may not be ideal. If the exhaustion bouts do not cause exercise-induced 
increases when the participants are in a normal trained state (before the 4-day 
training period), then it is unlikely that blunted exercise-induced responses 
following an intensified training period will be found in response to an exhaustion 
bout of this nature.  
 
It is likely that exercise-induced increases in plasma C concentrations were not 
found due to the intensity and/or duration of the Exhaust bouts. As discussed in 
Chapter 2 both the exercise intensity and duration of exercise are important 
considerations if exercise-induced elevations in C concentrations are to be found. 
The intensity of the bout should be at >60% max2OV and be 20 – 30 min in duration 
(Tremblay et al., 2004; Hill et al., 2008). The Exhaust bouts in this present study 
lasted between 16 and 30 min. It could also be the case that no exercise-induced 
elevations in the plasma C levels occured as the normal diurnal variation of C meant 
that the C levels were decreasing during the time of the tests. This was confirmed in 
the REST trial as the salivary and plasma C values indicated a steady decrease in 
both concentrations (Table  4.3). 
 
When compared with pre-training reduced saliva and plasma T concentration 
responses to the Exhaust bouts were found following the training period. 
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Importantly the absolute change of both salivary and plasma T concentrations from 
pre Exhaust concentrations were not different comparing Pre- to Post-training but 
the basal salivary and plasma T concentrations were lower post-training compared 
with pre-training. This finding indicates that the reduction in exercise-induced 
salivary and plasma T concentrations in response to the Exhaust bouts is likely due 
to the blunted basal levels of salivary and plasma T post-training compared with 
pre-training and not related to a change in secretion or clearance rates. 
 
Correlation analysis indicated that at rest and following the Exhaust bouts the 
relationships between the plasma and saliva C and plasma and salivary T 
concentrations were not strong with few positive correlations found during the 
trials. This would suggest that in response to exercise saliva and plasma values for C 
and T cannot be thought to respond in the same manner. This could be due to the 
delay in C and T diffusing into the saliva from the blood and may be more useful to 
collect the saliva and blood samples at different (i.e. later) time-points. 
 
In conclusion an elevation of subjective stress levels from pre-training was found 
following a 4-day intensive training period. Despite this increase in stress levels 
there were no alterations in the response of plasma ACTH and plasma and salivary 
C concentrations to 2 cycles to exhaustion separated by 3 h resting recovery. The 
responses of salivary and plasma T concentrations to the Exhaust bouts were 
blunted post-training compared with before the training period. On closer 
examination the T blunting was not due to a decrease in secretion or increase in 
clearance rates in response to the exercise but to the lowering of the basal resting 
levels of T concentrations at the beginning of the Exhaust bouts. In addition the 
salivary and plasma steroid hormones measured did not correlate consistently 
possible due to the delay in diffusion of C and T from blood into the saliva. This 
suggests that salivary and plasma C and T concentrations do not respond in a similar 
manner at the same time. 
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Chapter 5 Study 2 
Plasma and salivary steroid hormone responses of men to high-
intensity cycling and resistance exercise 
Abstract 
This current study aimed to establish a short duration exercise protocol that induces 
robust hormonal elevations in a normal trained state. This protocol needs to be 
established in order to be able to highlight hormonal changes that may occur 
following elevations in training loads. This current study compared plasma and 
salivary C and T responses to four different exercise trials; these were: 1) 
continuous cycle to fatigue at 75% maxW
⋅
 (FAT); 2) 30 min cycle alternating 1 min 
60 % and 1 min 90% maxW
⋅
(60/90); 3) 30 min cycle alternating 1 min 55% and 4 
min 80% maxW
⋅
 (55/80); 4) Squatting 8 sets of 10 repetitions at 10 repetition 
maximum (RESIST). Blood and saliva samples were collected pre-exercise and at 0, 
10, 20, 30, 40, 50 and 60 min post-exercise. Pre- to post-exercise plasma C 
increased in all exercise trials and the increases in responses to the 55/80 remained 
above pre-exercise levels for the entire post-exercise period. Salivary C increased 
from pre- to post-exercise in FAT and 55/80 trials only. Once elevated following 
55/80 the C concentrations remained higher than baseline for the reminder of the 
post-exercise period. Plasma T increased from pre- to post-exercise in all trials 
except 55/80. Saliva T increased from pre- to post-exercise in all trials with the 
longest period of elevation occurring following 55/80. Area under the curve analysis 
indicated that the exercise response of salivary hormones was greater in all cycle 
trials (C) and in the 60/90 and 55/80 trials (T) compared with the other trials. This 
study indicated that the 55/80 cycle protocol induces a prolonged salivary and 
plasma C and salivary T response compared with the other trials and so may be a 
useful diagnostic tool to use in subsequent studies of overreaching.  
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5.1 Introduction 
 
Chapter 4 concluded that a cycling protocol consisting of 2 incremental exercise to 
exhaustion bouts separated by 3 h resting recovery was unable to highlight 
adaptations in salivary and plasma C and plasma ACTH concentrations following a 
4-day intensified training period. It was concluded that the protocol used in Chapter 
4 was not of sufficient intensity to cause consistent exercise-induced elevations in 
salivary and plasma C and T concentrations while in a normal trained state making 
it difficult to identify any exercise-induced adaptations that may occur following an 
intensified training period. 
 
In order to see any alterations in the exercise-induced C and T concentrations which 
may occur due to an intensified training period it is necessary to find an exercise 
protocol that will elicit robust increases in C and T concentrations when in a normal 
trained state. This will help to highlight any adaptations in exercise-induced C and T 
concentrations that may occur when an athlete increases training loads in an attempt 
to overreach. If this is to be a useful test it will have to be a high-intensity, short 
duration exercise but as a long duration exercise bout would not be ideal when 
testing athletes who have completed a particularly difficult training period. 
 
As explained in the  Chapter 2 the response of C to exercise depends on the intensity 
and duration of exercise undertaken. In general the exercise intensity needs to be at 
least a moderate intensity (~ 50% max2OV ) for a duration of at least 20 - 30 min 
(however at this intensity the intensity should be >60 max2OV ). Both cycling and 
resistance exercise bouts have also been shown to elicit acute increases in C and T 
concentrations (Hoogeneen and Zonderland, 1996; Robson et al., 1999; Cadore et 
al., 2008; McCaulley et al., 2009). Short duration (~30 min), high-intensity 
endurance exercise has been reported to elevate plasma T concentration (Lehmann 
et al., 1993b; Hackney, 1996; Hoogeveen and Zonderland, 1996). 
 
 Chapter 4 also concluded that plasma and salivary C and plasma and salivary T 
concentrations do not always correlate. It is likely that peak salivary hormone 
concentrations will occur later than the peaks in plasma as it takes some time for the 
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hormones to diffuse from the circulation into the saliva. Hence, it is of interest to 
establish the timing of the peak post-exercise C and T concentrations in saliva and 
plasma and to examine the relationships of the peak concentrations of the salivary 
and plasma hormones. 
 
The aims of the present study were to find a short duration (~30 min), high-intensity 
exercise bout that would cause robust elevations of plasma and salivary C and T 
concentrations while in a normal trained state. The time course for the post-exercise 
hormonal peaks to occur was examined with the expectation that hormonal changes 
in the saliva would occur slightly later than in plasma. The relationships between 
the peak post-exercise plasma and salivary hormonal concentrations were also 
examined. It was hypothesized that each of the protocols would cause an increase in 
salivary and plasma C and T concentrations but that the magnitude and time course 
of these increases may not be the same in all protocols. In addition it was 
hypothesized that the peak post-exercise plasma and salivary measurements would 
show positive correlations. 
Chapter 5  Study 2 
62 
5.2 Methods 
 
5.2.1 Participants 
 
Ten healthy male participants volunteered to take part in this study. The subject 
characteristics are outlined in Table  5.1. 
 
Table  5.1 Participants’ anthropometric and physiological characteristics (n = 10). 
Variable  
Age (year) 24 ± 3 
Body mass (kg) 73.2 ± 4.8 
Height (cm) 176 ± 6 
peakOV 2  (mL·kg-1·min-1) 50.9 ± 8.8 
HRmax(beats·min-1) 186 ± 12 
maxW
⋅
(W) 298 ± 55 
Values are means ± SD. 
 
All subjects reported to the laboratory on seven separate occasions. 
 
5.2.2 Preliminary Measurements 
 
On the first visit each participant’s peakOV 2  and maxW
⋅
were determined as described 
in  3.2 and  3.4. Power outputs (
⋅
W ) equivalent to 55%, 60%, 75%, 80% and 90% of 
maxW
⋅
for each participant were calculated and these values were used as the power 
outputs during the main trials. 
 
On visit 2 the participant completed a 10 Repetition Maximum (RM) squat test 10 
to measure the maximum weight the participants could squat on 10 consecutive 
repetitions. The maximum squatting weight was used in the RESIST protocol. The 
10 RM test was completed with an adjustable box placed behind the subject when 
squatting so the subject’s knee angle did not exceed 90°. Only attempts reaching a 
knee angle of 90° were considered successful attempts. The knee angle was verified 
by the same experimenter for all trials. At the beginning of the test a warm up set of 
10 repetitions with 20 kg resistance was completed. Each set was separated by at 
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least a 3 min rest. The resistance was increased in appropriate measures to establish 
the 10 RM in at least seven attempts. 
 
To minimise any circadian rhythm and seasonal variation in the hormones analysed 
all of the remaining testing sessions took place at the same time of day (12:00) and 
during the UK summer months of May to August. 12:00 was chosen as the trial start 
time as the hormones C and T should have reached a plateau at this time of day. 
With this in mind the elevations in the hormones would be clearer during a plateau 
in the hormones.  
 
For the main trial visits each subject consumed a standard breakfast 4 h before 
testing began. Participants remained fasted until the end of each main trial but drank 
water ad libitum during this time except 10 min before each saliva sample 
collection. The participants abstained from exercise, caffeine and alcohol intake 24 
h before each trial. All participants completed a food record diary 24 h before each 
main trial as described in  3.8.3 and were instructed to consume a diet as similar as 
possible before each main trial day. Caloric and macronutrient intake were 
determined by use of CompEat version 5.8 software (Nutrition Systems, Oxford, 
UK). Mean energy intake 24 h prior to each trial was 10.7 ± 3.2 MJ with 56 ± 11% 
from carbohydrate, 28 ± 10% from fat and 16 ± 4% from protein. Body mass was 
measured in shorts and socks before all trials. During exercise HR and RPE using a 
6-20 Borg scale were recorded in the last 15 s of each min. The average temperature 
and relative humidity readings for the peak2OV  assessments were 22.5 ± 0.5ºC and 
37 ± 7 %, respectively. 
 
5.2.3 Main Trials 
 
In visits 3 to 7 the participants undertook 5 main trials. These were completed in a 
randomised order. The trials were:  
(1) Continuous cycle to volitional fatigue at 75% maxW
⋅
 (FAT);  
(2) 30 min continuous cycle alternating 1 min at 60% maxW
⋅
 and 1 min at 90% 
maxW
⋅
(60/90); 
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(3) 30 min continuous cycle alternating 1 min at 55% maxW
⋅
 and 4 min at 80% 
maxW
⋅
 (55/80);  
 
(4) Squatting 8 sets of 10 repetitions at their 10RM. There was a 90 s rest between 
each set (RESIST); 
 
(5) Resting trial. Completed at the same time of day as the exercise trials (REST).  
 
All cycle bouts were completed on an electromagnetically braked cycle ergometer 
(Lode Excalibur Sport, Groningen, Netherlands). Blood samples were collected at 
pre-exercise, 0, 10, 20, 30, 40, 50 and 60 min post-exercise by cannulation as 
described in  3.7.2 in the FAT, 60/90, 55/80 and REST trials. During the RESIST 
trial blood samples were collected by venepuncture as described in  3.7.1 at pre-
exercise, 0 and 10 min post-exercise. Venepuncture sampling was used for the 
RESIST trial to allow arm flexibility so that the subjects could complete the 
squatting exercise without undue arm discomfort that would be caused by the 
presence of a cannula in an antecubital vein. All blood samples were handled and 
stored as described in  3.7. Plasma C and T concentrations were determined as 
described in  3.7.4 and  3.7.5 using commercially available ELISA kits (DRG 
Instruments, Marburg, Germany). The mean intra-assay coefficients of variation 
were 2.7% and 3.4% for C and T, respectively. The mean inter-assay coefficients of 
variation were 2.7% and 3.4% for C and T, respectively. 
 
5.2.4 Salivary Collection, Handling and Analyses 
 
Saliva samples were collected as described in  3.5.1 at pre-exercise and 0, 10, 20, 30, 
40, 50 and 60 min post-exercise in all trials. The salivary C and salivary T 
concentrations were determined using the ELISA method as described in  3.5.2 
and  3.5.3, respectively. Unlike all other chapters samples were analysed in single in 
this study due to the number of samples and therefore costing of analysis. The mean 
intra-assay CVs were 3.3% and 2.6% for salivary C and T, respectively. The mean 
inter-assay CVs were 3.3% and 2.6% for salivary C and T, respectively. The 
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average temperature and relative humidity readings for the main trial sessions were 
22.7 ± 0.3˚C and 45 ± 2%, respectively. 
 
5.2.5 Statistical Analyses 
 
Data in the text and tables are presented as mean values and SD. All data in the 
Figures are presented as mean values and standard error of the mean (SEM) to avoid 
clutter. Hormone values which were parametric data were analysed using a two-way 
(Trial x Time) repeated measures ANOVA. On finding a main effect, post-hoc 
Student’s paired samples t-test analysis with Holm-Bonferroni adjustments was 
completed to locate the differences. Non-parametric data were analysed using a 
Friedman’s ANOVA and a Wilcoxon signed ranked test. HR, RPE and area under 
the curve (AUC) responses during each trial and the hormonal response to the 
individual exercises and resting trials were analysed. When the data sets were 
parametric a one-way repeated measures analysis of variance (ANOVA) was 
completed. Significant differences were assessed using Student’s paired samples t-
tests with Holm-Bonferroni adjustments for multiple comparisons. Non-parametric 
data were compared using the Friedman test and post hoc analysis was completed 
using Wilcoxon signed-rank tests. Statistical significance was set at p < 0.05. 
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5.3 Results 
 
5.3.1 HR, RPE and Times to Exhaustion 
 
The mean HR response to RESIST was lower than all other exercise trials (p < 0.05 
for all). The mean RPE scores were not different in all exercise trials (p = 0.058) 
(Table  5.2). The mean time to exhaustion in the FAT trial was 31 ± 11 min. 
 
Table  5.2 Mean HR and RPE responses and total work completed during FAT, 
60/90, 55/80 and RESIST trials. 
 FAT 60/90 55/80 RESIST 
HR (beats.min-1) 166 ± 12* 164 ± 11* 166 ± 10* 144 ± 23 
RPE 17 ± 1 16 ± 2 16 ± 2 18 ± 2 
Total work (kJ) 396 ± 118 402 ± 74 401 ± 73  
Values are mean ± SD. 
* - Significantly different to RESIST (p < 0.05). 
 
5.3.2 Salivary Osmolality 
 
The average saliva osmolality for all trials were 69 ± 20 (REST); 63 ± 16 (FAT); 62 
± 14 (60/90); 65 ± 15 (55/80) and 60 ± 16 mOsmol.kg-1. There was no difference in 
the average saliva osmolality when all trials were compared (p =  0.471). 
 
Salivary and plasma C and T concentrations and C/T ratio did not change during 
REST (Figure  5.1, Figure  5.2, and Figure  5.3). 
 
5.3.3 Plasma Cortisol 
 
Plasma C increased from pre-exercise to 0 min post-exercise in response to FAT, 
60/90 and 55/80 and at 10 min post-exercise in the RESIST trial (samples were only 
collected to 10 min post-exercise in this trial) (p < 0.05 for all). Plasma C remained 
elevated throughout the 60 min post-exercise period in the 55/80 trial only. The 
plasma C returned to pre-exercise levels at 30 min and 50 min in the 60/90 and FAT 
trials, respectively (Figure  5.1). 
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No differences between trials were found for plasma C AUC (p = 0.504). 
 
Figure  5.1 Plasma cortisol concentration responses to FAT, 60/90, 55/80, RESIST 
and REST. 
Values are mean ± SEM. 
Different than Pre-Ex values: a FAT; b 60/90; c 55/80; d RESIST; e REST (p < 
0.05). 
 
5.3.4 Salivary Cortisol 
 
Salivary C increased from pre-exercise to post-exercise at 0 min (FAT) and 10 min 
(55/80) only (p < 0.05 for all). Salivary C remained elevated throughout the 
remainder of the 60 min post-exercise period in 55/80 and returned to pre-exercise 
values at 40 min post-exercise in the FAT trial (Figure  5.2). 
 
AUC analysis indicated that the three cycling trials induced a larger salivary C 
response compared with the RESIST trial (p = 0.0001). 
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Figure  5.2 Saliva cortisol concentration responses to FAT, 60/90, 55/80, RESIST 
and REST. 
Values are mean ± SEM. 
Different from Pre-Ex values: a FAT; b 60/90; c 55/80; d RESIST; e REST (p < 
0.05). 
 
5.3.5 Peak Post-Exercise Cortisol Concentrations 
 
Peak concentrations were observed at 10 – 20 min post-exercise for plasma C and 
~30 min post-exercise for salivary C.  
 
5.3.6 Plasma Testosterone 
 
Plasma T increased at 0 min post-exercise from pre-exercise values in all exercise 
trials excluding 55/80 (p < 0.05 for all). The values remained elevated through the 
10 min post-exercise period in the RESIST trial and until a return to pre-exercise 
levels at 30 min, and 10 min post-exercise in the FAT and 60/90 trials, respectively 
(Figure  5.3). 
 
AUC analysis indicated that the plasma T response to exercise did not differ 
between trials (p = 0.533). 
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Figure  5.3 Plasma testosterone concentration responses to FAT, 60/90, 55/80, 
RESIST and REST. 
Values are means ± SEM. 
Different than Pre-Ex: a FAT; b 60/90; c 55/80; d RESIST; e REST (p < 0.05). 
 
5.3.7 Salivary Testosterone 
 
Salivary T increased post-exercise in all cycle trials at 10 min post-exercise and 
returned to pre-exercise values at 30 min post-exercise in the FAT and 60/90 trials 
and at 40 min post-exercise in the 55/80 trial. The RESIST trial showed an increase 
from pre-exercise at 0 min until a return to pre-exercise values at 30 min post-
exercise. (Figure  5.4) (p < 0.01 for all).  
 
AUC analysis indicated that the salivary T response to the exercise was higher in 
the 60/90 and 55/80 trials compared with the FAT and RESIST trials (p = 0.0025). 
 
5.3.8 Peak Post-Exercise Testosterone Concentrations 
 
Peak plasma and salivary T values occurred at 0 min and ~10 min post-exercise, 
respectively. 
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Figure  5.4 Salivary testosterone concentration responses to FAT, 60/90, 55/80, 
RESIST and REST. 
Values are means ± SEM. 
Different from Pre-Ex: a FAT; b 60/90; c 55/80; d RESIST; e REST (p < 0.01). 
 
5.3.9 Plasma C/T ratio 
 
The Plasma C/T ratio increased at 10 min post-exercise (FAT) and at 20 min post-
exercise (55/80) compared with pre-exercise and remained above pre-exercise levels 
until a return at 60 min post-exercise (FAT) and at 40 min post-exercise (55/90) (p 
< 0.01 for all). No change was found for the plasma C/T ratio for 60/90 and RESIST 
trials (Figure  5.5). 
 
5.3.10 Salivary C/T ratio 
 
The salivary C/T ratio increased from pre-exercise at 20 and 30 min post-exercise in 
FAT and 55/80 trials, respectively (p < 0.05 for all). The salivary C/T remained 
above pre-exercise levels for the remainder of the 60 min post exercise period in 
both trials. The salivary C/T ratio remained unchanged in the 60/90 and RESIST 
trials (Figure  5.6). 
 
The peak C/T ratio was observed in plasma at ~10 min post-exercise and in saliva at 
~30-40 min post-exercise. 
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Figure  5.5 Plasma C/T ratio responses to FAT, 60/90, 55/80, RESIST and REST.  
Values are means ± SEM. 
Different from Pre-Ex: a FAT; b 60/90; c 55/80; d RESIST; e REST (p < 0.01). 
 
 
 
 
Figure  5.6 Salivary C/T ratio responses to FAT, 60/90, 55/80, RESIST and REST. 
Values are means ± SEM. 
Different from Pre-Ex: a FAT; b 60/90; c 55/80; d RESIST; e REST (p < 0.05).  
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5.3.11 Plasma and Salivary Hormone Correlations 
 
Positive correlations were found between the peak post-exercise salivary and 
plasma C values for each exercise protocol (p < 0.05) (Table  5.3). Peak post-
exercise salivary and plasma T values did not correlate significantly (Table  5.3). 
 
Table  5.3 Pearson product moment correlation coefficients for the peak plasma and 
salivary C and T concentrations following the FAT, 60/90, 55/80 and RESIST trials. 
Trial Plasma and Salivary Cortisol  Plasma and Salivary Testosterone 
FAT r = 0.817; p = 0.004* r = -0.342; p = 0.333 
60/90 r= 0.681; p = 0.044* r = -0.540; p = 0.134 
55/80 r = 0.784; p= 0.012* r= 0.556; p = 0.120 
RESIST r = 0.922; p = 0.0001* r= -0.044; p = 0.904 
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5.4 Discussion 
 
The main aims of this study were to find a short duration, high-intensity exercise 
protocol that would cause robust elevations of plasma and salivary C and T. It also 
aimed to determine the time course of the peaking of the post-exercise salivary C 
and T concentrations and to establish the relationships between the peak post-
exercise salivary and plasma C and salivary and plasma T concentrations. Acute 
increases in plasma C were found in all exercise trials with the 55/80 trial showing a 
prolonged post-exercise elevation compared with all other trials. Salivary C only 
increased significantly in the post-exercise period in the FAT and 55/80 trials. The 
55/80 trial also elicited a prolonged salivary C elevation compared with the FAT 
trial. Salivary T increased above pre-exercise values in all the exercise trials but 
AUC analysis indicated that the 60/90 and 55/80 trials showed a greater increase 
compared with the other trials. These results suggest that the 55/80 trial causes 
robust elevations of plasma and salivary C and salivary T. 
 
The pre- to post-exercise increases in the plasma and salivary C concentrations 
reported in this study correspond to previous research on hormonal responses to 
high-intensity exercise. Robson et al. (1999) exercised their participants at 80% 
peakOV 2  until fatigue (cycling) and found elevations of plasma C concentrations 
from pre- to post-exercise of 33%. This elevation is slightly lower than those found 
in response to all cycle bouts in this current study (68 – 94% plasma C elevations 
pre-to post bout) but this could be due to the earlier time of day sampling in Robson 
et al. (1999). The hormonal responses will be affected by the early morning 
sampling as the C will be decreasing due to the diurnal cycle. Hill et al. (2008) also 
exercised their participants at 80% peakOV 2  for 30 min and observed exercise-
induced elevations of plasma C of 83% post-exercise. In the present study the levels 
of both salivary and plasma C once elevated remained higher than pre-exercise 
levels during the 60 min post-exercise period in the 55/80 trial only. This delayed 
return of C to basal values following exercise has been reported by others. Elloumi 
et al. (2003) reported that salivary C after a rugby match was significantly higher 
than the salivary C concentration during a rest day in the same individuals at the 
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same time point. This elevated salivary C concentration did not return to 
corresponding rest values until 4 h post match. 
 
Initially it was hypothesized that the FAT and 60/90 trials would elicit a similar 
magnitude of elevation of salivary and plasma C for a similar duration as in the 
55/80 trial. An unexpectedly large inter-individual variation (37% CV) in exercise 
times to fatigue were seen in the FAT trial. This was probably the reason why the 
FAT trial did not show consistent elevations of salivary and plasma C 
concentrations. The 60/90 trial required the subject to complete the same amount of 
work as completed in the 55/80 trial. Despite completing the same total amount of 
work it is likely that the 60/90 trial was not exercising the subjects at a high enough 
intensity for a long enough period to cause changes in the salivary and plasma C 
similar to the 55/80 trial. 
 
The present study found increases in salivary and plasma T from pre- to post-
exercise in all exercise protocols except no changes were found in plasma T in the 
55/80 trial. In agreement with our findings Collomp et al. (2008) reported increases 
in plasma free T from pre-exercise to 30 min of a cycle at 75% max2OV  to fatigue. It 
is possible that no change in the plasma T was seen following the 55/80 due to 
missed blood sample collections. Immediately post-exercise blood sample 
collections were missed in 4 subjects due to exercise-induced constriction of the 
blood supply in the peripheral veins. On all occasions the vein had returned to 
normal at the 10 min post-exercise time point. As the peak plasma T concentration 
values occurred at 0 min post-exercise it means the peak values were missed in 4 
out of 10 subjects in the 55/80 bout. 
 
An increase in plasma and salivary C and T concentrations were also expected in 
the resistance exercise trial. The present study found an increase in salivary and 
plasma T and plasma C in response to the RESIST trial. No changes were found in 
salivary C following this trial. Previous studies have reported results corresponding 
to the findings in the blood in this present study. McCaulley et al. (2009) studied 
serum C and T responses to 3 different resistance bouts. In response to their 
hypertrophy scheme (4 sets, 10 repetitions at 75% 1 RM), which is the closest to our 
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resistance protocol, they reported 32% and 12% increases from pre- to post-exercise 
in serum T and C, respectively. Häkkinen and Pakarinen (1993) also reported 22% 
and 149% increases from pre- to post-exercise in serum free T and serum C, 
respectively in response to a squatting protocol of 10 sets of 10 repetitions of 70% 1 
RM. 
 
The robust and prolonged elevation of salivary and plasma C and salivary T 
following the 55/80 trial suggests that this exercise bout could be a useful diagnostic 
tool when measuring a possible adaptations of C and T responses to exercise in 
athletes suspected to be overreached. This study suggests that consistent increases in 
C and T will occur following the 55/80 trial when in a normal trained state. It has 
been shown by previous studies that hormone levels can change when in a state of 
overreaching. Therefore, any dysfunction of the exercise-induced hormones C and T 
concentrations should be highlighted by completing the 55/80 trial. 
 
It was hypothesized that the saliva hormonal measurements would correlate with 
plasma measurements. This present study reported positive correlations of peak 
post-exercise salivary and plasma C. This finding is in agreement with Port (1991) 
who found positive correlations between serum and saliva C responses to 
submaximal loads in an incremental cycle test. Cadore et al. (2008) also found a 
positive correlation between serum and salivary C before and after a ~25 min 
resistance training session. The positive correlations found in our study may be 
related to the hormone sampling time post-exercise. Only peak post-exercise saliva 
and plasma C samples showed positive correlations. These peaks occurred at 
different time points post-exercise in plasma and saliva. Post-exercise C peaks 
occurred at 10 – 20 min for plasma and ~30 min for saliva. The peaks of plasma and 
salivary T occurred at 0 min and between 0 – 10 min post-exercise, respectively. 
The slight time delay would allow for plasma C changes to be better reflected in the 
saliva samples. The present study found no correlations between plasma and 
salivary T. This agrees with the findings of Cadore et al. (2008) who reported no 
correlation between pre- and post-exercise salivary and serum free T concentrations. 
However, it is possible the peak values did not correlate because both the salivary 
and plasma peak values were missed. The salivary and plasma T peaks occur 
quicker than C as the peaks occur within the first 10 min post-exercise. Correlations 
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might have been found if more samples had been collected within the first 10 min 
period after exercise.   
 
In conclusion, the FAT trial range of times to exhaustion were so large that a great 
inter-individual variation in both C and T concentration in response to exercise was 
observed. The 55/80 and 60/90 trials induced similar increases in both hormones but 
the 55/80 post-exercise values remained above pre-exercise values for longer than 
60/90. The RESIST trial induced a smaller increase in post-exercise salivary C and 
T compared with the 55/80 and 60/90 trials. These findings indicate that the 55/80 
cycling protocol causes robust elevations in the hormones C and T when in a period 
of normal training whereas the other trials tested did not. This exercise protocol 
could potentially be used to highlight any changes in C and T that may occur with 
overreaching.  
 
The aim of this present study was to find a relatively short duration, high-intensity 
exercise protocol that would induce a consistent and significant increase in the 
hormones C and T. Our data indicates that the 55/80 cycle protocol could be a 
useful indicator of the hormonal response to exercise in athletes. It has been 
suggested that the hormones C and T will change in response to exercise when an 
athlete enters into a stage of overreaching. Therefore, the 55/80 cycle protocol could 
be used as a test to highlight any changes in the C and T responses to exercise. 
However, further study in needed on the hormonal response to this protocol before 
and after an intensified period of training. This will give a better indication of the 
usefulness of this protocol as a tool in the diagnosis of overreaching. 
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Chapter 6 Study 3 
Salivary Cortisol and Testosterone responses to high-intensity 
cycling before and after an 11-day training period 
Abstract 
This study examined the salivary C and T responses to two short (30-min), high-
intensity cycle bouts. The first was a 55/80 cycling bout and the second was a 30-
min cycle completed at 70% max
⋅
W (70). These cycle bouts were separated by 2 h 
resting recovery and were completed once before and after an 11-day training 
period of 1.5 h cycling at 75% peakOV 2  (the training period consisted of 5 and 4 
consecutive days (9 laboratory training days in total) separated by 2 consecutive 
recovery days away from the laboratory). In addition any self-selected training 
could be completed outside of the laboratory. Twelve healthy male participants who 
regularly performed 5 exercise training sessions per week completed the study. 
REST-Q questionnaires were used to assess mood status before and after the 
training period. Unstimulated saliva samples were collected before and after 55/80 
and 70 bouts with salivary C and T concentrations assessed. Compared with pre-
training blunted exercise-induced salivary C, T and C/T ratio responses to both 
55/80 and 70 cycle bouts post-training were observed (p < 0.05 for all). Comparing 
pre- with post-training the absolute exercise-induced change of salivary C decreased 
from 11.1 to 3.1 nmol.L-1 (55/80) and from 7.0 to 4.4 nmol.L-1 (70) (p < 0.01). The 
absolute exercise-induced change of salivary T decreased from 407 to 258 pmol.L-1 
(55/80) and from 473 to 274 pmol.L-1 (70) (p < 0.01). Burnout and Fatigue scores 
from recovery-stress questionnaires increased after the training period. These 
findings indicated that the 11-day period of endurance training caused blunted 
salivary C and T responses to 30 min of high-intensity cycling. The blunted salivary 
C response may be due to the desensitization of the adrenal or pituitary glands or 
hypothalamic dysfunction. The blunted salivary T response is likely due to 
decreased testicular T production and/or secretion, possibly also attributable to 
hypothalamic dysfunction. These findings suggest that a high-intensity exercise 
bout can be used to detect altered hormonal responses to stress that occur due to 
training load increases. This type of test could be used to assess an athlete’s 
hormonal status, with a reduction in salivary C and T responses suggestive of 
increased fatigue levels and deterioration in performance.  
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6.1 Introduction 
 
As previously discussed in  2.2 the use of resting levels of C and T as a biomarker of 
overreaching appears to be unreliable. The initial findings of Meeusen et al. (2004 
& 2010) suggest that the focus should turn towards the exercise induced responses 
of certain hormones as a possible biomarkers of overreaching. They reported a 
blunting of exercise induced ACTH and C to a double cycle to fatigue protocol. 
This protocol was detailed in Chapter 4 in which it was concluded that the double 
cycle to fatigue was not ideally designed to induce elevations of C and T while in a 
normal trained state and therefore making it difficult to highlight any adaptations 
that may occur to the exercise induced responses.  Chapter 5 concluded that a 55/80 
cycling bout could induce robust elevations in salivary C and T concentrations when 
in a normal trained state. Therefore whether the 55/80 bout can highlight 
adaptations in the exercise induced C and T responses following a period of 
intensified training needs to be examined. 
 
Firstly, an appropriate intensified training period that can caused adaptations in the 
hormonal responses to the 55/80 bout needs to be established. Studies of this nature 
examining the physiological responses to intensified training typically increase 
training load for 7 to 10 consecutive days (Kirwan et al., 1988; Jeukendrup et al., 
1992). Halson et al. (2002) examined the time course of fatigue markers in trained 
cyclists during an intensified training period and reported that overreaching signs 
can be found within 7 days from beginning of the intensified training. Therefore in 
order to place the participants under a sufficient training load to induce hormonal 
adaptations an 11-day intensified training period was chosen for this current study. 
 
It was hypothesised that both the salivary hormones would increase in response to 
the exercise before the intensified training period as reported in  Chapter 5. 
Following the training period it was difficult to predict what would happen to both 
the salivary hormones as there are very few studies examining the exercise-induced 
hormonal adaptations following intensified training in the current literature. 
Urhausen et al. (1998) examined the exercise-induced responses of plasma 
hormones including C and T to short, high-intensity exercise over a 19-month 
period in cyclists and triathletes. Blunted exercise-induced ACTH responses and a 
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tendency for lower exercise-induced C responses to an incremental cycle to 
exhaustion were found when the participants were in an overtrained state compared 
with a normal trained state. Contrary to these findings Kirwan et al. (1988) reported 
increases in the exercise-induced serum C response to a submaximal swimming 
exercise by the fifth day of a 10-day intensified training period. It should be noted 
that both exercises used in these studies are very different but it gives an idea of the 
difficulty in concluding from the current literature. Therefore, the main aim of this 
present study was to determine the responses of salivary C and T concentrations to 
short-duration, high-intensity cycling before and after an 11-day endurance training 
period. 
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6.2 Methods 
 
6.2.1 Participants 
 
Twelve recreationally active, healthy males volunteered to participate in this study. 
The participants’ anthropometric and physiological characteristics at baseline are 
shown in Table  6.1. Each participant visited the laboratory on 13 occasions. 
 
Table  6.1 Participants’ anthropometric and physiological characteristics (n = 12). 
Variable  
Age (year) 25 ± 4 
Body mass (kg) 76 ± 9 
Height (cm) 177 ± 7 
peakOV 2  (mL·kg-1·min-1) 52.0 ± 5.0 
HRmax (beats·min-1) 184 ± 7 
maxW
⋅
 (W) 276 ± 31 
Values are means ± SD. 
6.2.2 Preliminary Measurements 
 
During the first visit to the laboratory each participant’s peakOV 2  and maxW
⋅
 were 
determined as described in  3.2 and  3.4. The work rates equivalent to 75% peak2OV  
and 55%, 70% and 80% maxW
⋅
 were calculated as described in  3.4. The average 
temperature and relative humidity readings for the peak2OV  assessments were 22.2 ± 
0.6˚C and 39 ± 10%, respectively. 
 
To avoid any circadian rhythm and seasonal variation in the hormones analysed all 
main trial testing sessions took place at the same time of day (12:00). All main trial 
and training days took place during the months of May to August. 
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6.2.3 Main Trials 
 
On all the main trial visits to the laboratory the participants were requested to 
consume a standard breakfast before 09:00 and were requested to consume at least 
500 ml of water on the morning of the trial to ensure that the participants were at an 
adequate and consistent level of hydration status. Participants remained fasted from 
09:00 until the end of each trial. The participants abstained from caffeine and 
alcohol intake 24 h before each trial. Each trial began at the same time of day for 
each participant (12:00). All participants completed a food record diary 24 h before 
each main trial as described in  3.8.3 and were instructed to consume a diet as similar 
as possible before each main trial day. Caloric and macronutrient intake were 
determined by use of CompEat version 5.8 software (Nutrition Systems, Oxford, 
UK). Mean energy intake 24 h prior to each trial was 9 ± 2 MJ with 50 ± 15% from 
carbohydrate, 30 ± 14% from fat and 20 ± 4% from protein. The participants drank 
water ad libitum during the trials except 10 min before the collection of all saliva 
samples as explained in  3.5.1. The average temperature and relative humidity 
readings for the main trials were 20.8 ± 0.8˚C and 40 ± 3%, respectively. 
 
All subjects completed three main trials, the first was a resting trial (REST) to 
measure the normal response of the participant’s salivary C and T concentrations at 
rest. This trial followed the same schema as the remaining two main trials but 
without the exercise sessions. The other main trials were completed once before 
(within 3 days before) and 24 h after an 11-day training period which is detailed 
in  6.2.4. For the main trials each participant followed the schema outlined in 
Figure  6.1. 
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Figure  6.1 Schema for REST*, Pre-training and Post-training 
* No exercise in REST trial 
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Main trial 2 (Pre-training) and main trial 3 (Post-training) consisted of two 
continuous cycle bouts completed on a mechanically braked cycle ergometer 
(Monark Ergomedic 894E, Vansbro, Sweden): (1) a 55/80 bout; (2) cycling at 70% 
maxW
⋅
 for 30 min or until fatigue, whichever occurred first (70). 
 
The 55/80 bout began at 12:00 and following the 55/80 bout a 2 h resting recovery 
was completed in the laboratory. Immediately after the rest the 70 bout began. HR 
was collected in the final 30 s of each minute and RPE using a 6-20 Borg scale was 
recorded in the final 30 s of each alternating block. A REST-Q questionnaire was 
completed at the beginning of each main trial. Unstimulated saliva samples were 
collected pre-exercise, immediately post-exercise and 30 min post-exercise for both 
cycling bouts as described in  3.5.1. 
 
6.2.4 11-Day Training Period 
 
Each subject completed an 11 consecutive day training period between Pre-training 
and Post-training. The 11-day period consisted of daily training sessions in the 
laboratory on days 1 to 5 and days 8 to 11. Each daily laboratory training session 
consisted of 1.5 h cycling at 75% peak2OV . Gas samples, HR and RPE measurements 
were collected every 10 min for the first 30 min and then every 15 min to ensure the 
participants were exercising at the appropriate intensity. If appropriate intensity was 
not achieved the resistance on the ergometer was amended accordingly to achieve 
an average of 75% peak2OV  over the 1.5 h cycle. The training sessions took place 
between 07:00 and 16:00. The timing of the training session was chosen by the 
participant. In order for the participant to be fully recovered for MT3 the final 
laboratory training session was completed at least 24 h before the beginning of the 
MT3 (i.e. before 12:00 on training day 11). The average temperature and relative 
humidity readings for the main trials were 22.5 ± 0.2˚C and 41 ± 5%, respectively. 
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In addition to the daily 1.5 h cycling exercise in the laboratory the participants were 
free to undertake further training outside the laboratory. Training diaries were 
completed and HR measurements were recorded for every extra session and for a 7-
day period before beginning the training period as described in  3.8.2 and  3.9. The 
duration of exercise in hours was analysed from this data. 
 
6.2.5 Salivary Handling and Analyses 
 
All saliva samples were collected, handled and stored as described in  3.5.1. The 
salivary C and T concentrations were determined as described in  3.5.2 and  3.5.3 
using the ELISA method. The mean inter-assay CVs were 2.9% and 3.4% for the 
salivary C and T analysis, respectively. The mean intra-assay CVs were 4.0% and 
2.9% for salivary C and T analysis, respectively. 
 
6.2.6 Statistical Analyses 
 
All data in the text, tables and figures are presented as mean values ± SD. RPE 
scores, heart rate measurements recorded during Pre-training and Post-training the 
salivary C and T concentrations measured in the REST trial were analysed using 
Student’s paired samples t-tests with Holm-Bonferroni adjustments for multiple 
comparisons. The salivary C and T concentrations and C/T ratio from Pre-training 
and Post-training were analysed using a two-way (trial x time) repeated measures 
ANOVA. Significant differences were assessed using Student’s paired samples t-
tests with Holm-Bonferroni adjustments for multiple comparisons. Statistical 
significance was set at p < 0.05. 
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6.3 Results 
 
All twelve participants completed all laboratory training sessions except one 
participant completed only 80 min of his first laboratory training session due to 
cramp; this participant completed all other training sessions. The average exercise 
intensity for all participants during the laboratory exercise training sessions was 74 
± 1% of peak2OV . Participants completed an average of 3 h of additional training 
outside of the laboratory. When compared to the participant’s normal training 
activity the total training duration increased by 143% (7 h to 17 h). 
 
6.3.1 REST-Q Questionnaire 
 
Analysis of the REST-Q scores showed that Fatigue and Burnout scores were higher 
after the 11-day training period compared with before the training period (p = 
0.012). 
 
Figure  6.2 The REST-Q Fatigue and Burnout scores from Pre-training and Post-
training. 
Values are means. 
*- Different than Pre-training. 
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6.3.2 Salivary Osmolality 
 
The average pre-exercise salivary osmolality for REST, Pre-training and Post-
training were 56 ± 29, 58 ± 33, and 63 ± 33 mOsmol.kg-1 respectively. There were 
no differences in pre-exercise osmolality on comparison of all 3 trials. 
 
6.3.3 Physiological Responses to Exercise and Time to Fatigue 
 
No differences in HR responses to the 55/80 (p = 0.875) and 70 (p = 0.566) bouts 
were found in Pre-training and Post-training (Table  6.2). The RPE scores were 
lower in response to the 55/80 in Post-training compared with Pre-training (p = 
0.023) with no change in response to the 70 bout (Table  6.2). Times to fatigue in the 
70 bouts were not different before and after training (p = 0.597). The average times 
to fatigue for the 70 bouts in Pre-training and Post-training were 29:17 ± 01:47 and 
29:35 ± 01:00 min:s respectively. 
 
Table  6.2 Average HR and RPE responses to the 55/80 and 70 bouts Pre-training 
and Post-training. 
Trial (Bout) HR (beats.min-1) RPE 
Pre-training (55/80) 158 ± 7 14 ± 1 
Pre-training (70) 158 ± 8 15 ± 2 
Post-training (55/80) 155 ± 9 14 ± 2* 
Post-training (70) 154 ± 8 15 ± 1 
Values are means ± SD. 
* Different than 55/80 bout in Pre-training. 
 
6.3.4 REST, MT2 & MT3 Trials 
 
The average ± SD salivary C and T concentrations during the REST trail were 3.5 ± 
1.8 nmol.L-1 and 690 ± 202 pmol.L-1, respectively (Figure  6.3 and Figure  6.4). T-test 
analysis indicated that salivary C and T concentrations were not different at post-
exercise and 30 min post-exercise compared with the pre-exercise values (either Pre 
55/80 or Pre 70 where appropriate) (p > 0.05 for all). 
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Compared with Pre-training blunted exercise-induced salivary C (p = 0.001) and T 
(p = 0.01) responses occurred in response to Post-training (Figure  6.3 and 
Figure  6.4). 
 
For the 55/80 bout, the post-exercise salivary C peak increase above the pre-
exercise level was 11.6 nmol.L-1 (210%) (p = 0.0001) (Pre-training) and 3.5 nmol.L-
1 (44%) (Post-training). In response to the 70 bout peak post-exercise increases of 
7.3 nmol.L-1 (117%) (p = 0.002) and 4.6 nmol.L-1 (117%) (p = 0.001) occurred in 
Pre-training and Post-training, respectively (Figure  6.3). 
 
 
Figure  6.3 Salivary cortisol concentration responses to the 55/80 and 70 cycle bouts 
in the main trails before and after an 11-day intensified training period. 
Values are means ± SD. 
* - Different than Pre 55/80;** - Different than Pre 70; †- Different than Pre-
training. 
 
For the 55/80 bout, the post-exercise salivary T peak increase above the pre-exercise 
level was 407 pmol.L-1 (58%) (p = 0.015) (pre-training) and 258 pmol.L-1 (37%) (p 
= 0.044) (post-training). In response to the 70 bout peak increases of 473 pmol.L-1 
(83%) (p = 0.006 ) and 274 pmol.L-1 (45%) (p = 0.004) were found (Figure  6.4). 
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Figure  6.4 Salivary testosterone concentration responses to the 55/80 and 70 cycle 
bouts in the main trails before and after an 11-day intensified training period. 
Values are means ± SD. 
* - Different from Pre 55/80; ** -Different from Pre 70; †- Different than Pre-
training. 
 
Examined as a ratio (C/T), values were also blunted after the 11-day training period 
compared with before (p = 0.013). Increases in the C/T ratio of 12 (152%) (p = 
0.0001) and 4 (40%) in response to the 55/80 bout were found before and after the 
training period, respectively. In response to the 70 bout of exercise the C/T ratio 
increased by 7 (65%) (p = 0.008) and 5 (67%) (p = 0.008) before and after the 
training period, respectively (Figure  6.5). 
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Figure  6.5 Salivary C/T ratio responses to the 55/80 and 70 cycle bouts in the main 
trails before and after an 11-day intensified training period. 
Values are means ± SD 
* - Different from Pre 55/80; **- Different from Pre 70; †- Different than Pre-
training. 
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6.4 Discussion 
 
This present study aimed to determine the salivary C and T responses to high-
intensity cycling exercise before and after an intensified training period. More 
specifically, it set out to establish the salivary hormonal responses to a 55/80 
cycling bout before and after the intensified endurance training period that, 
in  Chapter 5, was confirmed to induce robust elevations in salivary C and T 
concentrations when in a normal trained state. The observations in this current study 
established that the 55/80 cycling bout is sensitive enough to highlight reductions in 
the exercise-induced salivary C, T concentrations and C/T ratio responses following 
an 11-day endurance training period that occurred when compared to pre-training. 
The magnitude of the reductions from pre- to post-training in the peak salivary 
hormonal responses to the 55/80 bout were in the order of 166% (C) and 21% (T) 
and with a reduction in the C/T ratio of 112%. In addition the 11-day training period 
was sufficient to induce psychological fatigue in the participants as highlighted by 
the increases in the REST-Q stress scores over the course of the training period. 
 
The blunting of the exercise-induced salivary C responses post-training is in 
agreement with Urhausen et al. (1998). They reported blunted exercise-induced 
ACTH and a trend for lower exercise-induced C responses in overtrained compared 
with normally trained athletes. This finding was suggested finding may be due to a 
suppression of the hypothalamus-pituitary axis causing a reduced ACTH response 
and consequently a reduction in the C response to exercise. This suggestion seems 
plausible as Barron et al. (1985) reported decreased basal C levels in overtrained 
marathon runners. This decrease was linked to a dysfunction in the hypothalamus 
which was highlighted by a reduction in ACTH secretion in response to an insulin-
induced hypoglycaemia in the overtrained athletes. Lucía et al. (2001) also observed 
reduced basal C levels in cyclists over a consecutive 21-day cycle tour but they 
ascribed the reduction to an exhaustion of the adrenal gland. Wittert et al. (1996) 
also suggested a desensitization of the adrenal gland could be the cause of the 
observations they made of no changes in resting plasma C concentrations (03:00 – 
09:00 serial sampling) in ultramarathon athletes compared to controls despite higher 
plasma ACTH concentrations in the athletes compared with controls. The 
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desensitization of the adrenal gland could be a protective mechanism as constant 
high C levels would be detrimental to the body as it would likely cause high levels 
of muscle protein degradation. It is unfortunate that this present study did not 
measure ACTH and cannot confirm if the 11-day training period had an effect on 
hypothalamic-pituitary function. However, it seems likely that the blunted salivary 
C response to exercise found in this present study is caused by either desensitization 
of the adrenal glands or by a dysfunction in the hypothalamus or pituitary gland. 
 
The reduction in the salivary T levels found in this study could be due to an 
alteration in T production and/or secretion in the testes. Hackney et al. (2003) 
reported reduced T production in the testes in endurance trained males compared 
with age-matched non-active controls. T production was measured by the infusion 
of GnRH in a non-active group and trained runner group and found that the trained 
runner group had a lower T response to the GnRH than the non-active group. In the 
present study, the increase in endurance training over the 11-day period could have 
caused a reduction in testicular production rate of T. Furthermore Cumming et al. 
(1983) reported that a dysfunction in T production in males could be linked to an 
increase in circulating C levels. Acute hypercortisolism was induced in their 
participants by insulin or hydrocortisone administration and acute increases of C 
occurred at the same time that a rapid decrease in circulation T concentrations was 
seen. These authors suggested an inhibitory effect of C on the LH receptors on the 
Leydig cells leading to a reduction in T production and therefore secretion by the 
testes. The 11-day training period would have exposed all participants to repeated 
acute C increases. It is possible that the chronic circulating C elevations had an 
inhibitory effect on the LH receptor expression on the Leydig cells. This would lead 
to a reduction in the LH induced T production and secretion. 
 
It is clear that many of the studies referred above have examined the relationship 
between resting levels of hormones and training stress and not the exercise-induced 
responses of these hormones. The evidence for the use of resting measures of these 
hormones as biomarkers for elevations in training stress is inconclusive. Therefore, 
the novel finding of this current study is the establishment that the 55/80 exercise 
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protocol is sensitive enough to highlight adaptations in salivary C and T caused by 
an intensified endurance training period. 
 
This chapter and  Chapter 5 conclude that the 55/80 bout induces robust elevations 
in salivary C and T concentrations when in a normal trained state and that following 
a period of intensified training this exercise protocol can highlight adaptations in 
these hormonal responses. It should be noted that no changes were found in the 
resting (i.e. pre-exercise) salivary C and T concentrations pre- and post-training. 
This suggests that the exercise-induced adaptations in the salivary hormones C and 
testosteorne reported in this current study occur prior to changes in basal measures 
of these salivary hormones. 
 
In conclusion, the 11-day training period increased the participants’ Fatigue and 
Burnout scores in REST-Q questionnaires. Coupled with this, compared with pre-
training, blunted exercise-induced salivary C and T responses to high-intensity, 30-
min cycling bouts were found at the end of the 11-day training period. A 
desensitization of the adrenal glands or a dysfunction in the hypothalamus or 
pituitary gland are the likely causes for the blunted exercise-induced salivary C 
response following the 11-day training period. A reduction in T production and/or 
secretion in the testes is the possible cause for the salivary T reduction in response 
to the high-intensity exercise that was observed. The reduced T production and 
secretion level might be due to a inhibitory effect of high levels of circulating C on 
the LH receptor expression on the Leydig cells in the testes. This study indicates 
that the 55/80 cycle bout can highlight the exercise-induced salivary C and T 
changes that occur due to an increase in training load. This test would be a useful 
assessment of an athlete’s hormonal status as this status may change in response to 
increased training stress as found in this present study. Regular assessment of the 
salivary C and T responses to the 55/80 bout in unison with other training stress 
measures, for example stress-recovery questionnaires and performance measures, 
might help to reduce the occurrences of unplanned overreaching or UPS. 
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Chapter 7 Study 4 
The effect of a 10-day intensive training camp on salivary C and 
T responses to a high-intensity cycle in elite level triathletes. 
Abstract 
This study examined the salivary C and T responses to a 55/80 cycling bout before 
and after a 10-day training camp in a group of elite male triathletes. The training 
camp was an intensified training period compared with a normal 10-day training 
period. Swim distances were increased by 45% and running and cycling training 
hours increased by 25% and 229%, respectively during the camp. Seven elite male 
triathletes completed this study. REST-Q questionnaires were used to assess mood 
status before, during and after the training camp. Unstimulated saliva samples were 
collected before, immediately after and 30 min after the 55/80 cycle bout with 
salivary C and T concentrations and salivary osmolality assessed. Compared with 
pre-training blunted exercise-induced salivary T responses to the post-training 55/80 
bout were found (p = 0.004). Comparing pre- with post-training values the absolute 
response of the salivary T concentrations to the 55/80 decreased from 653 (114% 
increase from pre 55/80) to 367 (85% increase from pre 55/80) pmol.L-1. No 
changes in the exercise-induced salivary C concentrations and C/T ratio responses 
to the 55/80 bout were found. REST-Q stress and recovery scores indicated no 
changes in the psychological stress and recovery levels in the participants when 
compared before, during and after the training camp. This study, indicated that the 
55/80 bout induced blunted salivary T responses following the 10-day training camp 
consisting of intensified training loads in the group of elite triathletes. The blunted 
exercise-induced salivary T response to the 55/80 bout is likely due to decreased 
testicular T production and/or secretion, possibly attributable to hypothalamic 
dysfunction. The REST-Q scores indicated that the triathlete group were able to 
cope with the increase in training loads during the camp which could account for the 
fact that no change in the salivary C concentration and the C/T ratio responses to the 
55/80 bout were found when comparing post-camp responses with pre-camp 
responses. Overall, these findings suggested that the 55/80 cycling bout can detect 
altered exercise-induced salivary T concentrations following an intensified training 
period in an elite triathlete group. However, it was clear that this 10-day intensified 
training period did not alter the exercise-induced salivary C concentrations which 
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may be due to the athletes’ ability to cope with intensified training from their 
previous experience of short-term intensification of training loads. 
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7.1 Introduction 
 
It was concluded in  Chapter 6 that the 55/80 cycling bout can highlight changes in 
the exercise-induced salivary C and T concentrations following an intensified 
training period in a group of healthy, physically active, male participants. The 
ability to monitor changes in exercise-induced endocrine activity, which may be due 
to increased training loads, is desirable as it could aid in the reduction of the 
incidence of unplanned overreaching or UPS. If it is intended to use the 55/80 bout 
as a tool to measure adaptations in exercise-induced C and T responses in an elite 
athletic population then the effect of an intensified training period on the response 
of both hormones to the 55/80 bout in a group of elite level athletes needs to be 
determined. 
 
Literature that has examined the exercise-induced responses of C and T and the 
effects of training stress on these responses provided contrasting results with 
increases (Kirwan et al., 1988 – increased serum C in response to swim test on day 
5 of 10 days of intensified training; Cordova et al., 2010 – increase in serum C to 
incremental cycle at end of 4 month training period; Fry et al., 1998 – increased 
serum T in response to resistance exercise 10 x 70% 1-RM to fatigue following 2 
weeks of resistance training), decreases (Urhausen et al. (1998) tendency for a 
decrease of cortisol to a cycle to fatigue when overtrained compared with normally 
trained; Rämson et al. (2009) reported reduced plasma testosterone in response to a 
2 h row test following 2 weeks of intensified training compared with a test 
completed while completing moderate intensity training) and no changes 
(Hoogeveen and Zonderland, 1996 – no change in response of serum cortisol and 
testosterone to an incremental cycle to fatigue following 3 months of cycling 
training) reported in the exercise-induced C and T responses when comparing a 
period of normal training with a period of intensified training. All these studies used 
different exercise bouts which could be one reason for these inconclusive findings. 
 
Inconclusive findings on the effects of intense training on the exercise-induced C 
and T responses makes it difficult to predict how the participants will respond to the 
55/80 bouts in this study. The logical conclusion, therefore, is that the C and T 
responses to the 55/80 bout in the participant group in this study will be similar to 
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that reported in the group of participants in  Chapter 6. These participant groups 
differ in training status which has been reported to have an effect on resting T levels 
with lower T levels being reported in trained compared with untrained individuals 
(Tremblay et al., 2004, Hackney et al., 2003). However, the participants in Chapter 
6 were far from untrained and all were from an endurance training background and 
therefore similar responses were expected in this study compared with those 
reported in Chapter 6. 
 
It was hypothesised that blunted responses of the exercise-induced salivary C and T 
concentrations to the 55/80 bout would be found following the overseas (Tenerife) 
training camp compared with pre-training camp values in the group of elite male 
triathletes. The main aims of the present study were to 1) determine if the salivary C 
and T responses to a 55/80 cycling bout in a group of elite level triathletes altered 
after a 10-day training camp in which the exercise intensity and duration was 
substantially increased; 2) and to determine the psychological strain of the 
triathletes before, during and after the 10-day training camp. 
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7.2 Methods 
 
7.2.1 Participants 
 
Seven elite, male triathletes volunteered to participate in this study. The baseline 
participants’ anthropometric and physiological characteristics are shown in 
Table  7.1. Each participant visited the laboratory on 3 occasions. 
 
Table  7.1 Participants’ anthropometric and physiological characteristics (n = 7). 
Variable  
Age (year) 19 ± 1 
Height (cm) 178 ± 6 
Body mass (kg) 70.4 ± 3.8 
peakOV 2 (mL.kg-1.min-1) 67.6 ± 4.5 
 HRmax (beats.min-1) 194 ± 6 
maxW
⋅
(W) 373 ± 21 
Values are means ± SD. 
 
7.2.2 Preliminary Measurements 
 
During the first visit to the laboratory the peakOV 2  and maxW
⋅
 of each participant 
was determined as described in  3.2 and  3.4. The work rates equivalent to 55% and 
80% maxW
⋅
 were calculated as described in  3.4. The average temperature and 
relative humidity readings for the peak2OV  assessments were 17.0 ± 0.6˚C and 32 ± 
3%, respectively. 
 
A 10-day training diary was completed in the 2 weeks immediately before the 
training camp in order to measure the normal training load completed by the 
triathletes as described in  3.8.2. To avoid any circadian rhythm and seasonal 
variation in the hormones analysed all main trial testing sessions took place at the 
same time of day (12:00 or 14:00). All testing took place in December. 
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7.2.3 Main Trials 
 
The main trials (MT1 and MT2) were completed 24 h before and after a 10-day 
triathlete overseas (Tenerife) training camp. On all the main trial visits to the 
laboratory the participants were requested to consume a standard breakfast 3 h 
before each main trial and were requested to consume at least 500 ml of water 
before the trial to ensure that the participants were at an adequate and consistent 
level of hydration status. Participants remained fasted from the consumption of their 
breakfast until the end of each trial. The participants abstained from caffeine and 
alcohol intake 24 h before each trial. Each trial began at the same time of day for 
each participant (12:00 or 14:00). Each participant were allocated to either the 12:00 
or 14:00 group at the beginning of the study and remained in that group for both 
main trials. All participants completed a food record diary 24 h before each main 
trial as described in  3.8.3 and were instructed to consume a diet as similar as 
possible before each main trial day. Caloric and macronutrient intake were 
determined by use of CompEat version 5.8 software (Nutrition Systems, Oxford, 
UK). Mean energy intake 24 h prior to each trial was 8 ± 2 MJ with 49 ± 9% from 
carbohydrate, 34 ± 7% from fat and 18 ± 5% from protein. The participants drank 
water ad libitum during the trials except 10 min before the collection of all saliva 
samples as explained in  3.5.1. The average temperature and relative humidity 
readings for the main trials were 20 ± 0.4ºC and 24 ± 3%, respectively. 
 
In MT1 and MT2 each participant arrived 30 min before the exercise start time 
(11:30 or 13:30). Each participant was weighed in shorts and socks and then 
completed a REST-Q questionnaire. Following this an unstimulated saliva sample 
was collected following 10 min of seated rest. On collection of the sample each 
participant completed a 55/80 exercise bout on a manual braked cycle ergometer 
(Monark Ergomedic 894E, Vansbro, Sweden). Post-exercise unstimulated saliva 
samples were collected immediately post- and 30 min post-exercise. 
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7.2.4 Training Camp 
 
A 10-day triathlon training camp took place between MT1 and MT2. The training 
camp took place in Tenerife. Tenerife was in the same timezone as the UK and the 
average temperature and humidity for December is 16˚C and 64%, respectively 
(http://www.holiday-weather.com/tenerife/averages/#avg_temp). A training diary 
for the 10-day camp was completed by each participant and HR measurements were 
recorded during each training session as described in  3.8.2 and  3.9 to confirm 
completion of the sessions. A REST-Q questionnaire was completed on day 6 of the 
training camp. 
 
7.2.5 Salivary Handling, Collection and Analyses 
 
All saliva samples were collected, handled and stored as described in  3.5.1. The 
salivary C and T concentrations were determined as described in  3.5.2 and  3.5.3 by 
the ELISA method. Osmolality was measured on each of the saliva samples as 
described in  3.6. The mean inter-assay CVs were 3.5% and 2.5% for the salivary C 
and T analyses, respectively. The mean intra-assay CVs were 3.4% and 1.4% for the 
salivary C and T analyses, respectively. 
 
7.2.6 Statistical Analyses 
 
Data in text, tables and figures are presented as mean values and SD. Hormonal data 
was analysed using a two-way (Trial x Time) repeated measures ANOVA. On 
finding a main effect, post-hoc Student’s paired samples t-tests with Holm-
Bonferroni adjustments for multiple comparisons were completed. Pre-exercise 
osmolality values for MT1 and MT2 were analysed using a Student’s paired 
samples t-test. HR, RPE responses and body mass losses during the 55/80 bout in 
MT1 and MT2 were analysed with a related samples Wilcoxon-signed rank test. 
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7.3 Results 
 
All participants trained together during the training-camp and completed similar 
training sessions throughout. The average training load completed by the 
participants over the 10-day training-camp was 41.8 km swimming, 25 h cycling 
and 7 h running. Due to fatigue one participant was unable to complete the post-
training camp 55/80 bout and therefore his data was removed from the final 
analysis. 
 
7.3.1 Training  
 
The 10-day training camp consisted of a mixture of intermittent and endurance 
training sessions. The duration of the cycling and running sessions ranged between 
1 to 5 h and 30 to 105 min, respectively (Figure  7.1). The volume of swimming 
during the sessions ranged between 4.7 to 6.7 km (Figure  7.1). Each participant 
completed 3 sessions per day for 6 days and 2 sessions for the remaining 4 days. 
Compared to a normal 10-day training period recorded before the training camp the 
swimming training volume increased by 45% (28.9 km to 41.8 km) during the 
training camp and the duration of cycle and running training increased by 229% (7 h 
30 min to 24 h 42 min) and 25% (6 h 00 min to 7 h 30 min), respectively 
(Figure  7.2). 
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Figure  7.1The daily duration of running and cycling and distance of swimming 
completed by the triathletes in A) a 10-day training period before the training camp 
and B) during the 10-day training camp. 
 
(A) 
(B) 
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Figure  7.2 Training load in a 10-day period before and the load during the 10-day 
training camp. 
 
7.3.2 REST-Q 
 
Stress and recovery scores did not differ when pre-, during and post-training camp 
scores were compared (Figure  7.3). 
 
Figure  7.3 The average REST-Q scores for Sport Stress; Sport Recovery; General 
Stress and General Recovery collected before, during and after a 10-day training 
camp. 
Values are means. 
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7.3.3 Physiological Responses to 55/80 Bouts 
 
Average HR responses, RPE scores and body mass losses recorded during the 55/80 
bouts before and after the training camp are outlined in Table  7.2. No differences 
were found when comparing pre- and post-training camp measurements. 
 
Table  7.2 Physiological responses during the 55/80 bout Pre- and Post-training 
camp. 
Variable Pre-training camp Post-training camp 
HR (beats.min-1) 174 ± 8 165 ± 14 
RPE 15 ± 1 15 ± 1 
Body mass loss (kg) 0.9 ± 0.1 1.0 ± 0.4 
Values are means ± SD. 
 
7.3.4 Saliva Osmolality 
 
The average pre-exercise saliva osmolality for MT1 and MT2 were 54 ± 16 (Pre-
training camp) and 59 ± 17 mOsmol.kg-1 (Post-training camp). There were no 
differences in pre-exercise osmolality comparing pre- with post-training camp 
values (p = 0.092). 
 
7.3.5 Salivary Cortisol 
 
The responses of salivary C concentration to the 55/80 bout were similar pre- and 
post-training camp (p = 0.780). Acute salivary C increases from Pre 55/80 to 30 min 
post 55/80 were found Pre- and Post-training camp (p < 0.05 for all) (Figure  7.4). 
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Figure  7.4 Salivary cortisol responses to a 55/80 bout before and after a 10-day 
training camp. 
Values are means ± SD. 
*different than Pre 55/80 (p < 0.05). 
  
7.3.6 Salivary Testosterone 
 
Blunted salivary T concentration responses to the 55/80 cycling were found 
following the training camp compared with before the training camp (p = 0.004). 
The peak absolute response of salivary T concentration to the 55/80 bout was 653 
(114% increase from pre 55/80) (Pre-training camp) and 367 (85% increase from 
pre 55/80) pmol.L-1(Post-training camp). Acute increases from Pre 55/80 in salivary 
T concentration occurred Post 55/80 both before and after the training-camp and at 
30 min Post 55/80 before the training camp only (p < 0.01) (Figure  7.5). 
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Figure  7.5 Salivary testosterone concentration responses to 55/80 cycles pre and 
post a 10-day training camp. 
Values are means ± SD. 
* - Different than Pre 55/80 (p < 0.01); # - Different than Pre-training (p < 0.01). 
 
7.3.7 Salivary C/T Ratio 
 
No changes were observed in the salivary C/T ratio responses to the 55/80 bouts 
when comparing pre- with post-training camp (p = 0.813). Post-training camp acute 
increases from Pre 55/80 levels in the salivary C/T ratio were found at 30 Post 
55/80 only (p = 0.014) (Figure  7.6). 
 
Figure  7.6 Salivary C/T ratio responses to 55/80 cycles pre and post a 10-day 
training camp. 
Values are means ± SD. 
* - Different than Pre 55/80 (p < 0.05). 
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7.4 Discussion 
 
This present study aimed to determine the salivary C, T concentrations and C/T 
ratio responses to a 55/80 cycle bout in a group of elite, male triathletes before and 
after a 10-day training camp which consisted of intensified training loads. The 
findings in this present study demonstrated a 44% (653 to 367 pmol.L-1) reduction, 
comparing pre- with post-training camp values, in the peak absolute response to the 
55/80 bout of salivary T concentration. No changes in the responses of the salivary 
C concentration and the C/T ratio to the 55/80 bout were found comparing pre- with 
post-training camp values. The 10-day training camp did not cause a change in 
either the subjective stress or recovery scores from the REST-Q questionnaires 
completed before, during and after the camp. 
 
The observed reduction in the salivary T concentrations observed in this present 
study is in agreement with the findings reported in  Chapter 6 where blunted 
exercise-induced salivary T concentrations, comparing pre- with post-training, were 
found following an 11-day period of intensified endurance training in healthy, 
physically active males. Again, the reduction in the exercise-induced salivary T 
concentrations seen in the present study could be due to an alteration in T 
production and/or secretion in the testes which may be caused by repeated exposure 
to high levels of C over the training camp as explained in  Chapter 6 (Cumming et 
al., 1983, Hackney et al., 2003). It would be interesting to know if the plasma 
ACTH and gonadotrophin hormones (LH and follicle stimulating hormone (FSH)) 
responses to exercise were blunted after the intensified training period. 
 
The observed reduction in exercise-induced T concentration responses coupled with 
no changes in the exercise-induced salivary C responses to the 55/80 bout following 
the training-camp suggests that salivary T measures are more sensitive to training 
stress than salivary C measures. It is possible that the salivary T response was 
blunted not due to the sensitivity to training loads but due to the type of training 
completed over the 10-day camp. The considerable elevation of the cycling training 
load completed in this present study could have caused some testicular microtrauma 
causing a decreased production and/or secretion of T as suggested by Arce et al. 
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(1993). This conclusion, however, warrants further study as Arce et al. (1993) note 
that they are unable to report findings of trauma to the testes during cycling training. 
 
Compared with pre-training it was expected that, similar to the observations 
reported in  Chapter 6, the post-training exercise-induced responses of salivary C 
concentration and C/T ratio would be blunted, but this was not found. The lack of 
adaptations found in the exercise-induced salivary C and C/T ratio following the 
training camp could be due to the subject population used in this study compared to 
those used in  Chapter 6. This present study used elite triathletes whereas  Chapter 6 
used recreationally active, well-trained participants. The higher peakOV 2  values 
found in this present study compared with those of the participants in  Chapter 6 
(67.6 ± 4.5 vs 52.3 ± 5.2 mL-1.kg-1.min-1) highlight the differences in aerobic fitness 
levels in both groups. In conjunction with the higher peakOV 2 values the average 
training load in training hours completed by the elite triathletes during normal 
training periods was greater compared to participants in  Chapter 6 (7 h for Chapter 
6 vs 22 h for this chapter). These facts taken together indicate that the participants in 
this present study are more experienced in completing high training loads compared 
with those in  Chapter 6. This experience may allow their bodies to quickly adapt to 
a substantial increase in training load similar to that experienced during this training 
camp. The ability to tolerate the elevation in training loads may be the reason we do 
not see blunted salivary C responses to the 55/80 bout post-training camp. It was 
also an important to note the finding that the REST-Q scores did not change when 
pre-, during and post-training camp scores were compared. This strengthens the 
view that despite the increase in training load over the training camp the participants 
were able to cope well with the elevation in training stress and therefore this ability 
to deal with the increased training load lead to no alteration of the salivary C 
response to the 55/80 bout post-training camp. 
 
As the training period did not affect the exercise-induced salivary C concentrations 
it cannot be concluded that the 55/80 bout is capable of highlighting changes in the 
exercise-induced salivary C concentrations and C/T ratio that may occur following 
large increases in training load in a group of elite, male triathletes. The triathlete 
group were able to cope with the intensified training period and therefore it is likely 
Chapter 7  Study 4 
108 
 
the reductions in the exercise-induced salivary C were not found for this reason. 
This suggests that a longer period of intensified training in this group of elite 
triathletes needs to be examined to determine if there is any alteration in the 
exercise-induced hormonal response to a 55/80 bout when comparing a normal 
training period with a period following an intensified training period. It is also 
prudent to highlight the low number of athletes who participated in this study. It is 
true that the relatively low participant numbers in any study will lead to a low 
power statistic for the analysis and an increased risk of a Type I error.  
 
In conclusion, a 10-day triathlon training camp consisting of intensified training 
loads for swimming, cycling and running caused a blunting of the response of the 
salivary T concentrations to a 55/80 cycle bout in an elite group of male triathletes 
possibly due to an alteration in T production and/or secretion in the testes which 
may be caused by repeated exposure to high levels of C over the training camp. No 
changes in the salivary C and the C/T ratio responses to the 55/80 bout were found 
when pre- and post-training camp values were compared. This finding was 
unexpected but explained to be due to the ability of the group of athletes to cope 
with the increase in training load over the camp. REST-Q questionnaire scores 
strengthened this view as participants presented similar recovery-stress states when 
compared before, during and after the training camp. Overall, it cannot be 
concluded that the 55/80 bout could be a useful tool in measuring salivary hormonal 
alterations caused by an elevation in training loads. A longer period of intensified 
training which elevates psychological stress levels is warranted to determine if the 
salivary C responses to a 55/80 bout will alter in a group of elite triathletes due to 
the intensification of training loads. 
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Chapter 8 Study 5 
The reproducibility of the salivary cortisol and testosterone 
response to a high-intensity cycle 
Abstract 
It was concluded in  Chapter 5 that a 55/80 cycle bout induces robust elevations of 
plasma and salivary C and salivary T concentrations while in a normal trained state. 
Also  Chapter 6 and  Chapter 7 indicated that the 55/80 cycle bout is sensitive enough 
to highlight alterations in the exercise-induced salivary C and T concentrations 
following a period of intensified training. If the 55/80 cycle bout is to be suggested 
as a useful tool to measure adaptations in the exercise-induced salivary C and T 
responses the reproducibility of these hormonal responses to the 55/80 bout needs to 
be demonstrated. Also it needs to be established if familiarity with the 55/80 bout 
has an effect on the hormonal responses to the 55/80 bout. The study described in 
this chapter compared the salivary C and T responses to three 55/80 bouts 
completed on three separate laboratory visits. In addition a cycle to fatigue at 75% 
peakOV 2  (75FAT) was examined to measure physical performance levels. Saliva 
samples were collected pre, post and 30 min post the 55/80 bout. Pre to post 55/80 
increases in salivary C and T concentrations were found in all trials and from pre 
55/80 to 30 min post 55/80 in Trial 2 and Trial 3 only. Intra-individual CV analysis 
of the percentage changes of the salivary C and T concentration to the 55/80 bouts 
indicated a greater intra-individual variation comparing Trial 1 to 2 than Trial 2 to 3. 
In conclusion the salivary C and T responses to the 55/80 were reasonable 
reproducible, however, completing a familiarisation trial reduces the intra-
individual CVs in the salivary hormone responses to the 55/80 bout by 12% (24% to 
12% (C)) and 7% (14% to 7% (T)). These findings suggested that the 55/80 bout 
could be a useful tool to measure the exercise-induced salivary C and T adaptations 
that may occur following an intensified training period. To be reliable used as a tool 
a familiarity trial should be completed to reduce the intra-individual variation in the 
exercise-induced salivary C and T response to the 55/80 bout. 
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8.1 Introduction 
 
 Chapter 5,  Chapter 6 and Chapter 7 concluded that a 55/80 cycle can induce robust 
elevations of salivary C and T concentrations when in a normal trained state and 
that it is sensitive enough to highlight adaptations in the exercise-induced salivary C 
and T following a period of intensified endurance training. These findings 
prematurely suggest that the 55/80 cycle bout could be a useful tool to survey the 
exercise-induced C and T responses and highlight adaptations in these hormones 
that may occur due to an intensified period of training or even be used as an 
indicator of an overreached state. Before the 55/80 protocol can strongly be 
recommended as a reliable tool the reproducibility of the C and T concentration 
responses to the 55/80 needs to be established. It is expected that once additional 
influences other than the exercise in the 55/80 are controlled for (e.g. hydration 
status and exercise outside the laboratory) the C and T concentrations will response 
to the 55/80 bout in a similar manner in repeated trials using the same exercise 
protocol. In addition an examination of the influence of familiarity with the 55/80 
bout on the response of both hormones was the second aim of this study. If 
familiarity with the 55/80 bout does not influence the exercise-induced hormonal 
responses it would add weight to the possible use of this protocol as a test to 
examine the hormonal adaptations that may occur due to intensified training. Thus, 
the main aims of the current study were to establish the reproducibility of the 
response of salivary C and T concentrations to a 55/80 cycling bout and to examine 
whether the hormonal responses to this bout were affected by familiarity with the 
55/80 bout. 
Chapter 8  Study 5 
111 
 
8.2 Methods 
 
8.2.1 Participants 
 
Thirteen healthy, regularly active, endurance trained males volunteered to take part 
in this study. Each participant visited the laboratory on 4 occasions. The 
participants’ anthropometric and physiological characteristics are outlined in 
Table  8.1. 
 
Table  8.1 Participants’ anthropometric and physiological characteristics (n = 13). 
Variable  
Age (year) 21 ± 3 
Body mass (kg) 78 ± 6 
Height (cm) 178 ± 8 
peakOV 2  (mL·kg-1·min-1) 55.8 ± 6.2 
HRmax (beats·min-1) 186 ± 9 
maxW
⋅
 (W) 334 ± 40 
Values are means ± SD. 
8.2.2 Preliminary Measurements 
 
During the first visit each participant’s peakOV 2  and maxW
⋅
were determined as 
described in  3.2 and  3.4. The work rates equivalent to 75% peak2OV  and 55% and 
80% maxW
⋅
 were calculated as described in  3.3. The average ± SD temperature and 
relative humidity readings for the peak2OV  assessments were 22.4 ± 0.7˚C and 33 ± 
6%, respectively. 
 
To avoid any circadian rhythm and seasonal variation in the hormones analysed all 
the remaining testing sessions took place at the same time of day (12:00) and during 
the months of October to February. 
 
On all subsequent visits to the laboratory the participants were requested to 
consume a standard breakfast before 09:00 and were requested to consume at least 
500 ml of water on the morning of the trial to ensure that the participants were at an 
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adequate and consistent level of hydration status. Participants remained fasted from 
09:00 until the end of each trial. The participants abstained from caffeine and 
alcohol intake 24 h before each trial. Each trial began at the same time of day for 
each participant (12:00). All participants completed a food record diary 24 h before 
each main trial as described in  3.8.3 and were instructed to consume a diet as 
similar as possible before each main trial day. Caloric and macronutrient intake 
were determined by use of CompEat version 5.8 software (Nutrition Systems, 
Oxford, UK). Mean energy intake 24 h prior to each trial was 10 ± 1 MJ with 53 ± 
4% from carbohydrate, 28 ± 1% from fat and 20 ± 3% from protein. The 
participants drank water ad libitum during the trials except 10 min before the 
collection of all saliva samples as explained in  3.5.1. 
 
8.2.3 Main Trials 
 
Each participant completed 3 main trials in total (Trial 1, Trial 2 and Trial 3). Each 
main trial was separated by at least 7 days. On each trial the participant arrived at 
the laboratory at 11:30. On arrival a urine sample was collected and urine 
osmolality was measured as described in  3.6. A REST-Q questionnaire was 
completed at the beginning of each main trial visit to assess mood status. Following 
a rest period of 10 min in a seated position and 10 min before the beginning of the 
55/80 an unstimulated saliva sample was collected as described in  3.5.1. The 
participant’s body mass was measured in shorts and socks. Immediately following 
the participant mounted the electromagnetically braked cycle ergometers (Lode 
Excalibur Sport, Groningen, Netherlands) to complete a 55/80 bout. During 55/80 
HR was recorded in the last 15 s of each min and RPE using a 6-20 Borg scale was 
recorded in the last 15 s of each alternating block. Unstimulated saliva samples were 
collected post 55/80 and 30 min post 55/80. Water was consumed ad libitum during 
the 55/80 bout and between the post and 30 min post 55/80 sampling but no water 
was consumed during the 10 min before the collection of all saliva samples. Body 
mass was measured post-exercise following the saliva collection and immediately 
before a cycle to fatigue at 75% maxW
⋅
 (75FAT) which was completed 40 min post 
55/80 as outlined in Figure  8.1. This exercise bout was included as a measure of the 
physical performance level of the participants over the main trials. In order to 
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remove any motivational influence of the experimenter on the time to fatigue no 
encouragement was given to the participants during the 75FAT. During 75FAT HR 
was recorded in the last 15 s of each min and RPE using a 6-20 Borg scale was 
recorded in the last 15 s of every 5-min block that was completed. The average ± SD 
of temperature and relative humidity during the main trial days were 21.9 ± 0.7˚C 
and 30 ± 4%, respectively. Participants also completed daily training diaries as 
described in  3.8.2 to ensure the training schedule of the athlete did not change over 
the course of the study.  
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Figure  8.1 Schema for the cycle bouts inTrial 1, Trial 2 and Trial 3 trials. 
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8.2.4 Salivary Handling, Collection and Analyses 
 
All saliva samples were collected, handled and stored as detailed in  3.5. Salivary C 
and T concentrations were determined using the ELISA method as described 
in  3.5.2 and  3.5.3. The mean inter-assay CVs were 4.2% and 3.9% for C and T, 
respectively. The mean intra-assay CVs were 5.1% and 4.3% for C and T, 
respectively. 
 
8.2.5 Statistical Analyses 
 
All data in the text, tables and figures are presented as mean values ± SD. Salivary 
hormone data, when normally distributed, was analysed with a two-way (trial x 
time) repeated measures ANOVA. Significant differences were assessed using 
Student’s paired samples t-tests with Holm-Bonferroni adjustments for multiple 
comparisons. A Friedman’s ANOVA was completed on non-normally distributed 
data sets. Times to fatigue and urine osmolality were analysed with a one-way 
ANOVA and HR and RPE responses were analysed with Student’s paired samples 
t-test analysis with Holm-Bonferroni adjustments. CVs were calculated for the 
percentage changes of the salivary and T concentrations from Pre 55/80 to their 
peak post-exercise values for each trial. Intra-individual CVs were also calculated 
for the times to fatigue. Intraclass correlation coefficients (ICC) were calculated 
measuring the reliability of the peak, post-exercise absolute salivary hormone 
values to give an indication of the reliability of the measurements made. Statistical 
significance was set at p < 0.05. 
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8.3  Results 
 
8.3.1 Urine Osmolality 
 
The mean urine osmolality for all main trials were 495 (Trial 1), 417 (Trial 2) and 
382 (Trial 3) mOsmol.kg-1. There was no difference in urine osmolality over the 3 
main trials (p = 0.273). 
 
8.3.2 REST-Q 
 
No changes in REST-Q scores were found over the 3 main trials when ‘General 
stress’, ‘General recovery’, ‘Sport stress’ and ‘Sport recovery’ were analysed. 
 
8.3.3 Times to Fatigue 
 
The mean times to fatigue in the 75FAT cycles were 32 min 41 s (Trial 1); 33 min 
28 s (Trial 2) and 35 min 02 s (Trial 3). The average intra-individual CVs for the 
times to fatigue were 21 ± 22% (Trial 1 vs Trial 2) and 12 ± 12% (Trial 2 vs Trial 
3). No differences were highlighted when times to fatigue over the 3 trials were 
analysed (p = 0.484). 
 
8.3.4 Physiological Responses to Exercise 
 
No differences were found in the HR or RPE responses during both the 55/80 and 
75FAT bouts. The average HR and RPE responses ± SDs during all the 55/80 bouts 
were 162 ± 7 beats.min-1and 14 ± 1 (Trial 1), 161 ± 6 beats.min-1and 13 ± 1 (Trial 
2), 159 ± 7 beats.min-1 and 13± 1 (Trial 3). In response to the 75FAT bouts the 
average HR responses and SD values were 164 ± 7 beats.min-1 (trial 1), 162 ± 8 
beats.min-1 (Trial 2) and 162 ± 7 beats.min-1 (Trial 3) and the RPE values were 16 ± 
1 (For all 3 trials). 
 
8.3.5 Salivary Cortisol 
 
The salivary C concentration responses to the 55/80 bouts were similar over the 3 
trial days (p = 0.914). Acute increases in salivary C concentrations were found from 
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Pre to Post 55/80 in all bouts and from Pre 55/80 to 30 min post 55/80 in Trial 1 and 
Trial 2 only (Figure  8.2). Peak post-exercise increases from Pre 55/80 levels of 93% 
(6.1 to 11.8 nmol.L-1) (Tria1 1); 110% (6.2 to 13.0 nmol.L-1) (Trial 2) and 64% (7.3 
to 12.0 nmol.L-1) (Trial 3) were found. 
 
 
Figure  8.2 The salivary cortisol concentration responses to the 55/80 cycles in Trial 
1, Trial 2 and Trial 3. 
Values are means ± SD. 
Different than Pre 55/80 values: a Trial 1; b Trial 2 and c Trial 3. 
 
ICC values of 0.77 (Trial 1 compared to Trial 2) and 0.87 (Trial 2 compared to Trial 
3) were found when comparing the peak, post-exercise absolute salivary C 
concentrations. The intra-individual CV calculations of the percentage changes of 
salivary C concentrations from Pre 55/80 to Post 55/80 and 30 min post 55/80 are 
presented in Table  8.2 below. 
 
Table  8.2 The intra-individual CVs (%) of the percentage change in the salivary 
cortisol concentrations from Pre 55/80 to Post 55/80 and 30 min post 55/80 for Trial 
1, Trial 2 and Trial 3. 
 Pre 55/80 to Post 55/80 Pre 55/80 to 30 min post 55/80 
Trial 1 to Trial 2 24 15 
Trial 2 to Trial 3 12 12 
Trial 1 to Trial 3 25 19 
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8.3.6 Salivary Testosterone 
 
The responses of the salivary T concentrations to the 55/80 bouts were similar 
across trial days (p = 0.061) (Figure  8.3). Acute increases in the salivary T 
concentrations were found from Pre 55/80 levels to Post 55/80 in all bouts and from 
Pre 55/80 to 30 min post 55/80 in Trial 1 and Trial 2 only (p < 0.05) (Figure  8.3). 
Peak post-exercise percentage increases of 49% (620 to 926 pmol.L-1) (Trial 1); 
59% (675 to 1074 pmol.L-1) (Trial 2) and 63% (648 to 1080 pmol.L-1) (Trial 3) were 
found. 
 
 
Figure  8.3 The salivary testosterone concentration responses to the 55/80 cycles in 
Trial 1, Trial 2 and Trial 3. 
Values are mean ± SD. 
Different than Pre 55/80 values: a Trial 1; b Trial 2 and c Trial 3. 
 
ICC values of 0.50 (Trial 1 compared to Trial 2) and 0.85 (Trial 2 compared to Trial 
3) were found when comparing the peak, post-exercise absolute salivary T 
concentrations. The intra-individual CV calculations of the percentage changes of 
salivary T concentrations from Pre 55/80 to Post 55/80 and 30 min post 55/80 are 
presented in Table  8.3 
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Table  8.3 The intra-individual CVs (%) of the percentage change in the salivary 
testosterone concentrations from Pre 55/80 to Post 55/80 and 30 min post 55/80 for 
Trial 1, Trial 2 and Trial 3. 
 Pre 55/80 to Post 55/80 Pre 55/80 to 30 min post 55/80 
Trial 1 to Trial 2 14 29 
Trial 2 to Trial 3 7 13 
Trail 1 to Trial 3 13 31 
 
8.3.7 Salivary C/T Ratio 
 
The response of the salivary C/T ratio to the 55/80 bouts were similar over the 3 
trial days (p = 0.249) (Figure  8.4). Acute increases in the salivary C/T ratio were 
found only in response to the 55/80 bout in Trial 1 with increases from Pre 55/80 to 
Post and 30 min post 55/80 (p < 0.01 for both) (Figure  8.4). 
 
 
Figure  8.4 The response of salivary C/T ratio to the 55/80 cycles in Trial1, Trial2 
and Trial3. 
Values are mean ± SD. 
Different than Pre 55/80 values: a Trial1. 
 
ICC values of 0.63 (Trial 1 compared to Trial 2) and 0.21 (Trial 2 compared to Trial 
3) were found when comparing the peak, post-exercise absolute salivary C 
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concentrations. The intra-individual CV calculations of the percentage changes of 
salivary C concentrations from Pre 55/80 to Post 55/80 and 30 min post 55/80 are 
presented in Table  8.2 below. 
 
Table  8.4 The CVs (%) of the percentage change of salivary C/T concentrations 
from pre 55/80 to post 55/80 and 30 min post 55/80 for Trial 1, Trial 2 and Trial 3. 
 Pre 55/80 to Post 55/80 Pre 55/80 to 30 min post 55/80 
Trial 1 to Trial 2 26 19 
Trial 2 to Trial 3 36 24 
Trail 1 to Trial 3 30 19 
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8.4 Discussion 
 
The main aims of this study were to establish the reproducibility of the responses of 
the salivary C and T concentrations to a 55/80 cycling bout and to examine the 
influence of familiarity with the 55/80 cycle bout on the response of both salivary 
hormones. The main findings from the current study were that the responses of 
salivary C and T concentrations to the 55/80 bout were similar between subjects 
across the 3 trials, although larger intra-individual variations were found in the 
magnitude of response of both salivary hormones to the 55/80 bouts when 
comparing Trial 1 to 2 than when comparing Trial 2 to 3. This suggests that a 
familiarity trial may be useful to help reduce the intra-individual variation in the 
salivary hormone responses to the 55/80 bout.  
 
In examining the reproducibility of the hormonal response to the 55/80 bout it was 
important to focus on additional influences other than the exercise bout itself that 
may affect the hormonal responses to the 55/80 bout. As with all studies completed 
in this thesis hydration status needed to be controlled and measured to confirm this 
did not have an influence on the hormonal responses to the 55/80 bouts. The urine 
osmolality results indicated that the participants were both euhydrated and at a 
similar and consistent hydration level at the beginning of each of the trials 
suggesting no influence of hydration status on the hormonal responses to the 55/80 
bouts. The average osmolality values in this present study were below 700 
mOsmol.kg-1 (495 (Trial1), 417 (Trial2) and 382 (Trial3) mOsmol.kg-1) which is 
indicative of euhydration (ACSM, 2007). During exercise the ad libitum water 
intake kept percentage body mass changes to an average loss of 0.5% during the 
55/80 bout which suggests hydration status during the exercise had no influence the 
exercise-induced hormonal responses. Body mass reductions of 1 - 2% can 
influence physical performance levels and indicate dehydration from a well 
hydrated status (ACSM, 2007). Overall these results suggest that the hydration 
levels before and during exercise did not influence the hormonal response to the 
55/80 bouts. 
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The training schedules completed by the participants were measured between each 
main trial and when the training volumes in hours of exercise completed were 
compared between trials no differences were found. This result confirms that the 
training schedules completed outside of the laboratory by the participants did not 
influence the salivary C and T responses to the 55/80 bouts. 
 
The average HR responses to the 55/80 and 75FAT trials were similar (162 (55/80) 
& 164 beats.min-1 (75FAT) (Trial 1), 161 (55/80) & 162 beats.min-1 (75FAT) (Trial 
2) and 159 (55/80) & 162 beats.min-1 (75FAT)(Trial 3)) in all trials. The REST-Q 
data indicated that the psychological stress levels of the participants did not change 
over all trials. The average times to fatigue over the 3 trials (32:41; 33:28 and 35:02 
min:s) confirmed similar physical performance levels in all trials. These results 
taken together confirm that the participants in this current study were in similar 
physiological and psychological states on the trial days which suggests no influence 
of the level of fatigue on the hormonal responses to the 55/80 bouts over the 3 trials. 
 
The average responses of the salivary C and T concentrations to the 55/80 bouts 
were similar across the trials. Similar significant acute post-exercise increases from 
pre-exercise levels in salivary C and T concentrations were found in all trials (101 ± 
79% (Trial 1); 120 ± 153% (Trial 2) and 77 ± 106% (Trial 3) (salivary C) (pre to 
post 55/80) and 50 ± 44% (Trial 1), 57 ± 32% (Trial 2) and 63 ± 37% (Trial 3) 
(salivary T) (pre to post 55/80)). Importantly the intra-individual variability in the 
salivary hormone responses to the 55/80 bouts were reasonable as outlined in 
Table  8.5 below. However, there is a clear influence of familiarity with the 55/80 on 
the salivary hormone responses with a reduction in intra-individual variation in the 
percentage change from pre- to post 55/80 of 12% (salivary C) and 7% (salivary T). 
 
Table  8.5 The intra-individual variations in the percentage changes of the salivary 
cortisol and testosterone concentrations from pre 55/80 values. 
 Salivary 
cortisol  
Salivary 
testosterone  
 Pre to Post 
55/80 
Pre to 30 min post 
55/80 
Pre to Post 
55/80 
Pre to 30 min post 
55/80 
Trial 1 to Trial 2 24% 15% 14% 29% 
Trial 2 to Trial 3 12% 12% 7% 13% 
Trail  1 to Trial 3 25%  19% 13% 31% 
Chapter 8  Study 5 
123 
 
In Chapter 5 it was reported that the average salivary C concentration response to 
the 55/80 bout peaked at 30 min post-exercise. These post-exercise peaks were 
shown to be strongly correlated to the post-exercise peaks in plasma C 
concentrations. Interestingly, 8 of the 13 participants in this current study did not 
show salivary C peaks at 30 min post-exercise as expected. It should be highlighted 
that the majority, but not all, the participants in Chapter 5 showed peak post-
exercise salivary C responses at 30 min post 55/80. So the results of this present 
study suggest that post 55/80 peaks in salivary C concentrations should not be 
expected to occur at 30 min post-exercise in all individuals. 
 
The findings of the current study suggested that the 55/80 cycling bout induces 
reproducible elevations in salivary C and T concentrations from pre- to post-
exercise. However, completing a familiarity 55/80 trial will reduce the intra-
individual variability of the salivary C and T responses considerable (by 12% and 
7% respectively). Peak post-exercise salivary C responses were not found in the 
majority of participants at 30 min post 55/80 in this current study which was 
unexpected from the conclusions from  Chapter 5 which suggested that on average 
the peak post 55/80 salivary C concentrations occur at 30 min post 55/80. Clearly 
the post-exercise peaking of salivary C is an individualised response with many of 
the participants peaking before the 30 min post 55/80 timepoint. 
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Chapter 9 Study 6 
The salivary hormone response to a high-intensity cycle in elite 
level triathletes over a competitive training season. 
Abstract 
The aims of this study were to determine the response, in a group of elite level 
triathletes, of salivary C and T concentrations and C/T ratio to a 30-min 55/80 
cycling bout at four time points during a competitive season. The study also 
examined the psychological stress-recovery states of the triathletes over the course 
of a competitive season. The duration of the competitive season was five months 
and the four main trials (MT1, MT2, MT3 and MT4) took place at the beginning 
and end of the season (May (MT1) and September (MT4), respectively) and at the 
beginning and end of a 4-5 week training period for an ‘A’ priority race completed 
during the season (June (MT2) and July (MT3)). Five elite triathletes completed this 
study. REST-Q questionnaires were completed to assess mood status on each of the 
four main trials. Unstimulated saliva samples were collected before, immediately 
after and 30 min after the 55/80 cycle bout with salivary C and T concentrations and 
salivary osmolality assessed. No differences were found in the responses of salivary 
C and T concentrations to the 55/80 cycle bout in all the main trials. Acute increases 
in the salivary C concentrations from Pre 55/80 were found at 30 min post 55/80 in 
MT2 (118%) and MT3 (96%) (p < 0.05 for both). Acute increases in salivary T 
concentrations from Pre 55/80 were found at Post 55/80 in all trials (114% (MT1), 
91% (MT2), 42% (MT3), 84% (MT4)) (p < 0.05 for all) and at 30-min post 55/80 in 
MT3 (48%) (p < 0.05 for all). REST-Q stress and recovery scores indicated no 
changes in the psychological stress and recovery states in the triathletes over the 
course of the season. These findings indicate that the 55/80 cycle bout did not 
highlight changes in the exercise-induced responses of salivary C and T 
concentrations to the 55/80 cycle over a competitive triathlon season. These 
findings may be due to the fact that 1) there was no significant alteration in training 
volume over the competitive season and therefore no adaptations in the circulating 
C and T occurred in the triathletes and 2) the participants were able to cope with the 
cumulative effects of the training load over the competitive season. This ability to 
cope with high levels of training could explain the lack of change in the salivary 
hormone responses to the 55/80 bout. 
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9.1 Introduction 
 
The results in  Chapter 7 indicated that in a group of elite level triathletes a 55/80 
cycling bout can highlight alterations, in comparison to when normally trained, in 
the exercise-induced salivary T concentrations which occurred following 10 days of 
intensified training. It was also reported that the 55/80 cycle bout was unable to 
highlight adaptations in the exercise-induced response of salivary C following the 
10-day intensified training. This unexpected finding was explained to be due to the 
triathlete’s ability to cope with the elevation in training load over the 10-day period. 
A view which was strengthened by the finding of no changes in the stress-recovery 
questionnaire scores which were collected before, during and after the intensified 
training period. Therefore, it was concluded in Chapter 7 that the 10-day period of 
intensified training was not of sufficient intensity to tire our triathletes and therefore 
induce alterations in the exercise-induced responses of the salivary C 
concentrations. It was hypothesised in this current chapter that the salivary C and T 
concentration responses to the 55/80 bout would be blunted during a competitive 
season. It was believed that the cumulative effect of the high training levels 
completed over the competitive season would lead to an elevation of the REST-Q 
stress scores and a reduction in both the salivary C and T concentration responses to 
a 55/80 cycle. Flynn et al. (1994) who studied 5 male swimmers over a season 
period reported that the cumulative effect of their season’s training loads lead to a 
reduction in the global mood state in conjunction with a reduction in a swimming 
performance test. This reduction in both mood state and performance levels did not 
last through the entire season but occurred following a 2 week period in which 
training loads were increased significantly. 
 
The potential benefits of the 55/80 cycle bout being able to highlight adaptations in 
the exercise-induced hormonal responses caused by an intensification of training is 
clear and  Chapter 6 and  Chapter 7 show the 55/80 cycle bout has the ability to 
highlight the alterations in both the exercise-induced responses of salivary C and T 
concentrations. However, the findings reported in  Chapter 7 suggest that adaptations 
in salivary C responses to a 55/80 cycle bout will not occur following an intensified 
training period in elite triathletes if they are not sufficiently stressed by the increase 
in training load. Therefore, the determination of the salivary C and T responses to a 
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55/80 cycle bout over an intensive training period continues in this current chapter 
with the testing of a group of elite triathletes over a competitive season.  
 
As noted in  Chapter 2 of this thesis the incidence of UPS in competitive endurance 
athletes, like the triathletes in this present study, during their training season is 
~10% (Raglin and Morgan, 1994). This suggests that determining the responses of 
salivary C and T to a 55/80 cycle bout in a group of elite triathletes over a season 
period may show alterations in the exercise-induced responses of both hormones as 
the intensity of training increases and the cumulative effect of training influences 
the physiological and psychological stress levels of the athletes. 
 
It was hypothesised that as the training intensity increased over the season the 
salivary C and T responses to a 55/80 cycle would be blunted compared with the 
respective hormonal responses to a 55/80 cycle completed at the beginning of the 
training season. In addition, it was expected that over the course of the competitive 
season the cumulative effect of the training completed would increase the 
psychological stress levels of the triathletes. It was hypothesised that this elevation 
of stress levels in unison with an increase in training load would lead to a blunted 
response of saliva C and T to a 55/80 cycle bout. Therefore, the main aims of the 
present study were 1) to determine the salivary C, T and C/T ratio responses to a 
55/80 cycle at 4 stages during a triathlon training season in a group of elite level 
triathletes; and 2) to determine the psychological strain on the triathletes at each of 
the 4 stages over the season. 
Chapter 9  Study 6 
127 
9.2 Methods 
 
9.2.1 Participants 
 
Five male, elite triathletes participated in this study. The baseline participants’ 
anthropometric and physiological characteristics are shown in Table  9.1. Each 
participant visited the laboratory on 5 occasions. 
 
Table  9.1 Participants’ anthropometric and physiological characteristics (n = 5). 
Variable  
Age (year) 19 ± 1 
Body mass (kg) 73.3 ± 5.8 
Height (cm) 178 ± 7 
peakOV 2  (mL·kg-1·min-1) 68.2 ± 4.3 
HRmax (beats·min-1) 186 ± 12 
maxW
⋅
 (W) 389 ± 29 
Values are means ± SD. 
During the first visit to the laboratory the peakOV 2  and maxW
⋅
 of each participant 
was determined as described in  3.2 and  3.4. The work rates equivalent to 55% and 
80% maxW
⋅
 were calculated as described in  3.3. The average temperature and 
relative humidity readings for the peak2OV  assessments were 20.5 ± 0.5˚C and 30 ± 
2%, respectively. 
 
To avoid any circadian rhythm and seasonal variation in the hormones analysed all 
main trial testing sessions took place at the same time of day (12:15 or 14:00). All 
testing took place between May and September. The average temperature and 
relative humidity readings for all the main trials were 21.7 ± 0.7˚C and 46 ± 10%, 
respectively. 
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9.2.2 Main Trials 
 
As reported in  Chapter 8 it was necessary to complete a familiarisation session to 
reduce the intra-individual hormonal responses before completing the main trials. 
The participants completed 1 familiarisation trial and 4 main trials over an entire 
triathlon season. Main trials 1 and 4 (MT1, MT4) were completed at the beginning 
and end of the triathlon season (May and September). Main trials 2 and 3 (MT2 and 
MT3) were completed at the beginning and end of a 4-5 week training block in 
preparation for a top priority race during the triathlon season (Figure  9.1). The 
familiarisation trial took place during the month before MT1. 
 
 
Figure  9.1 Schema of the main trial testing (MT1 to MT4) over a triathlon 
competitive season. 
For all the main trial visits to the laboratory the participants were requested to 
consume a standard breakfast 3 h before each main trial and were requested to 
consume at least 500 ml of water before the trial to ensure that the participants were 
at an adequate and consistent level of hydration status. Participants remained fasted 
from the consumption of this meal until the end of each trial. The participants 
abstained from caffeine and alcohol intake 24 h before each trial. Each trial began at 
the same time of day for each participant (12:15 or 14:00). All subjects were given 
instructions on measuring, weighing, and recording food intake and were asked to 
complete a food record diary 24 h before each main trial and were instructed to 
consume a diet as similar as possible before each main trial day. Caloric and 
macronutrient intake were determined by use of CompEat version 5.8 software 
(Nutrition Systems, Oxford, UK). Mean energy intake 24 h prior to each trial was 
10 ± 3 MJ with 55 ± 14% from carbohydrate, 27 ± 10% from fat and 18 ± 5% from 
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protein. The participants drank water ad libitum during the trials except 10 min 
before the collection of all saliva samples as explained in  3.5.1. 
 
9.2.3 Competitive Season  
 
The competitive triathlon season took place between May and September. At the 
beginning of the season the coach and triathlete allocated a priority level (‘A’ to 
‘C’- ‘A’-being top priority and ‘C’ being lowest priority) to each triathlon that they 
were due to compete in over the season. The Welsh Sprint Championships (1 
participant), The Nokia Elite Windsor Triathlon and the London Elite Triathlon (2 
participants each) were the ‘A’ priority races used in this study. 
 
During the season each triathlete completed weekly swimming, cycling and running 
training sessions. All the triathletes trained together and on average they completed 
3 swimming and cycling sessions, 4 running sessions and 1 gym session per week 
over the season. The duration of the cycling and running sessions ranged between 
45 and 180 min and 10 and 120 min, respectively. The gym sessions lasted for 60 
min. The volume of swimming completed in distance during each of the sessions 
ranged between 1.0 and 5.2 km. 
 
Each participant completed daily training diaries as described in  3.8.2. Training 
diaries were completed 2 weeks before the study began and continued until the final 
visit (MT4) to the laboratory. Heart rate measures were collected from the 
beginning to the end of the training period for the ‘A’ priority race (MT2 – MT3) as 
described in  3.9. 
 
9.2.4 Salivary Handling, Collection and Analyses 
 
All saliva samples were collected, handled and stored as described in  3.5.1. The 
salivary C and T concentrations were determined as described in  3.5.2 and  3.5.3 
using the ELISA method. The mean inter-assay CVs were 3.6% and 3.5% for 
salivary C and T, respectively. The mean intra-assay CVs were 3.4% and 1.9% for 
salivary C and T, respectively. 
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9.2.5 Statistical Analyses 
 
All data in the text and tables are presented as mean values ± SD. RPE scores, heart 
rate measurements, pre-exercise body masses and REST-Q scores collected during 
MT1, MT2, MT3 and MT4 were analysed using a one-way (trial) repeated measures 
ANOVA. The salivary C, T and C/T ratios from all main trials were analysed using 
a two-way (trial x time) repeated measures ANOVA with any significant differences 
examined further with Student’s paired samples t-tests with Holm-Bonferroni 
adjustments for multiple comparisons. Statistical significance was set at p < 0.05. 
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9.3 Results 
 
9.3.1 Training Period 
 
For analysis the competitive season was broken up into 4 separate training blocks; 
1) Pre MT1 (the 2 weeks before MT1) ; 
2) MT1 – MT2; 
3) MT2 – MT3; 
4) MT3 – MT4. 
 
The average weekly swimming training volume (km) and weekly duration (min) of 
cycling and running training completed in each training block is outlined in 
Table  9.2 below. The percentage changes in the training volume or duration from 
the previous training block are detailed in the brackets in Table  9.2. 
 
Table  9.2 Average weekly training volume (swimming – distance and cycle and 
running – time) completed by the triathletes over a competitive season during Pre 
MT1, MT1 -  MT2, MT2 – MT3 and MT3 – MT4. 
Training Block Swim (km) Cycle (min) Run (min) 
Pre MT1 12.0 ± 0.5 438 ± 40 156 ± 25 
MT1 – MT2 11.5 ± 2.7 (- 4%) 305 ± 82 (- 44%) 160 ± 84 (2.5%) 
MT2 – MT3 10.6 ± 4.6 (- 8%) 315 ± 115 (3%) 198 ± 58 (23%) 
MT3 – MT4 9.4 ± 1.0 (-11%) 298 ± 60 (-6%) 147 ± 65 (-26%) 
Values are means ± SD. 
 
9.3.2 REST-Q 
 
Analysis of the REST-Q scores showed no change in the sport stress and general 
stress scores (p = 0.492; p = 0.639, respectively) and sport recovery and general 
recovery scores (p = 0.240; p = 0.323, respectively) across the 4 main trials 
(Figure  9.2). The individual sub-scale scores also show no differences found in the 
individual sub-scales in the REST-Q scores (p > 0.05). 
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Figure  9.2 The average REST-Q scores for Sport Stress; Sport Recovery; General 
Stress and General Recovery collected at 4 timepoints over a competitive triathlon 
season. 
Values are means. 
 
9.3.3 Saliva Osmolality 
 
The average pre-exercise salivary osmolality was 61 ± 32 (MT1) 62 ± 15 (MT2); 73 
± 36 (MT3); 50 ± 11 (MT4) mOsmol.kg-1. There were no differences in pre-exercise 
salivary osmolality measures completed during all main trials (p = 0.256). 
 
9.3.4 Physiological Responses to Exercise 
 
No differences in HR or RPE responses to the 55/80 (p = 0.246; p = 0.244) bouts 
were found when comparing MT1, MT2, MT3 and MT4 (Table  9.3). Pre-exercise 
body mass did not differ across all the main trials (p =0.178). 
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Table  9.3 Average HR and RPE responses and pre-exercise body mass and Body 
mass loss during the 55/80 bouts in MT1, MT2, MT3 and MT4. 
 HR 
(beats.min-1) 
RPE 
Pre-exercise body 
mass (kg) 
Body mass loss 
post-exercise (kg) 
MT1 168 ± 9 15 ± 1 72.0 ± 5.0 0.8 ± 0.1 
MT2 171 ± 6 14 ± 1 72.8 ± 4.6 0.6 ± 0.1 
MT3 165 ± 13 14 ± 1 71.8 ± 4.2 0.6 ± 0.1 
MT4 170 ± 9 14 ± 1 72.5 ± 3.8 0.4 ± 0.2 
Values are means ± SD. 
 
9.3.5 Salivary Cortisol 
 
The responses of salivary C concentration to the 55/80 bouts were similar 
throughout the season (p = 0.108) although it can be noted that the smallest 
responses were observed at MT3. The mean absolute changes of salivary C from 
Pre 55/80 to the peak post-exercise levels in all 4 main trials were 12.4 (MT1); 13.7 
(MT2); 6.9 (MT3) and 11.2 (MT4) nmol.L-1. Acute salivary C increases from Pre 
55/80 at 30 min post 55/80 were found in MT2 (8.8 to 19.1 nmol.L-1) and MT3 (6.8 
to 13.4 nmol.L-1) (p = 0.005; p = 0.018) (Figure  9.3).  
 
Figure  9.3 The responses of salivary cortisol concentrations to a 30-min 55/80 
cycle bout in MT1, MT2, MT3 and MT4. 
Values are means ± SD. 
b MT2 different than Pre 55/80 c MT3 difference than Pre 55/80. 
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9.3.6 Salivary Testosterone 
 
The responses of salivary T concentration to the 55/80 bouts were similar 
throughout the season (p =0.179). Acute salivary T increases from Pre 55/80 to Post 
55/80 were found in all trials (p = 0.001; p = 0.002; p = 0.006; p = 0.015) and from 
Pre55/80 to 30 min post 55/80 found in MT3 (p = 0.008) (Figure  9.4). As for C, the 
smallest T responses were observed at MT3. The lowest mean absolute change of 
salivary T from Pre 55/80 to the peak post-exercise levels occurred at MT3. The 
mean absolute changes of all 4 main trials were 574 (MT1); 583 (MT2); 347 (MT3) 
and 465 (MT4) pmol.L-1. 
 
 
 
Figure  9.4 The responses of salivary testosterone concentrations to a 30-min 55/80 
cycle bout in MT1, MT2, MT3 and MT4. 
Values are means ± SD. 
a MT1 different than Pre 55/50; b MT2 different than Pre 55/80 c MT3 different 
than Pre 55/80; d MT4 different than Pre 55/80. 
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9.3.7 Salivary C/T ratio 
 
No changes were observed in the salivary C/T ratio response to the 55/80 bouts 
comparing all the trials over the competitive season (p = 0.817). An acute increase 
from Pre 55/80 in the salivary C/T ratio was found in MT1 at 30 Post 55/80 only (p 
= 0.023) (Figure  9.5). 
 
 
Figure  9.5 The responses of the salivary C/T ratio to a 30-min 55/80 cycle bout in 
MT1, MT2, MT3 and MT4. 
Values are means ± SD. 
a – MT1 different than Pre 55/80 
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9.4 Discussion 
 
The present study aimed to determine the responses of the salivary C and T 
concentrations to a 55/80 cycling bout in a group of elite triathletes at 4 stages over 
a competitive season. It also examined the psychological stress and recovery levels 
at these stages during the season. No changes were found in the responses of C and 
T to the 55/80 bouts over the competitive season. In addition no differences were 
found in the psychological stress and recovery scores over the same period. This 
suggests that no alterations in the exercise induced responses of C and T were found 
due to the ability of the athletes to cope with the training stress experienced over the 
season. 
 
It was expected in this current chapter that over the course of the competitive season 
the training intensity would increase and the cumulative effect of the daily training 
sessions would lead to change in the C and T responses to a 55/80 cycle bout 
compared to the start of the season. It was also hypothesised that this adaptation in 
salivary hormones would occur in parallel with an elevation in psychological stress. 
A similar finding was reported in Chapter 6 in the non-elite population and has been 
reported by others over the course of a similar duration of training period in 
collegiate swimmers and healthy, active males (Flynn et al., 1994; Bresciani et al., 
2011). The present study found no changes in the responses of salivary C, T and the 
C/T ratio in the group of elite triathletes to the 55/80 cycle bout over the course of 
the competitive season. Acute elevations in salivary C from Pre 55/80 to 30 min 
Post 55/80 levels were found in MT2 (118%) and MT3 (96%) and acute increases 
from Pre 55/80 levels in salivary T concentrations were found in all trials (114% 
(MT1); 91% (MT2); 42%(MT3) and 84%(MT4)) post 55/80 and in MT3 (48%) 
only at 30 min post 55/80. An interesting finding was that both the salivary C and T 
responses to the 55/80 bouts were lowest at MT3. This is the test before the ‘A’ 
priority race and the training loads completed before this test had been increased by 
3% (Cycling) and 23% (running). 3 out of the 5 participants had their lowest 
responses in salivary C and T concentrations to the 55/80 cycle at MT3. With a 
larger number of participants in this study these blunted responses may have been 
significant. In the examination of the psychological stress levels the REST-Q stress 
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and recovery scores collected at the 4 stages over the competitive season did not 
change throughout. 
 
At the beginning of this study it was believed that the training intensity and volume 
completed by the triathletes would increase over the course of the season and it was 
envisaged that this would cause blunted salivary C and T responses to a 55/80 cycle 
bout and an increase in psychological stress. The expected changes in the exercise-
induced salivary C and T concentrations were not found. It was not unrealistic to 
expect an alteration in the C and T responses caused by the intensification of 
training. Coutts et al.(2007) examining well-trained triathletes over an intensified 
four week training period and found a reduction in the resting cortisol levels 
compared with a group who had completed a normal training period. The 
unchanged hormonal responses reported in this current study could simply be due to 
the similar training volume completed by the participants over the training season. 
Training volume was recorded before MT1 and between each main trial thereafter 
and analysis of this data showed no significant changes in swim distances and 
duration of cycling and running training completed by the triathletes. It was 
expected that the volume of training would be the greatest between MT2 and MT3 
during the preparation period for the ‘A’ priority race. Without significant 
elevations of the training load completed by the triathletes, adaptations in exercise-
induced salivary C and T concentrations should not have been expected. 
 
Despite the similar training volumes completed throughout the competitive season it 
could reasonably be expected that the cumulative effect of the high volume of 
training over the season could have also influenced the physiological and 
psychological fatigue levels of the triathletes. The fact that the HR and RPE 
responses recorded in each of the main trials did not change indicated that 
physiologically there was no change in the triathletes at the 4 timepoints during the 
competitive season. In addition the lack of differences in the REST-Q scores 
indicated that the psychological stress and recovery levels did not change in the 
triathletes over the season. These findings suggest that again, as in Chapter 7, this 
group of participants had the ability cope with the large training loads completed 
over the competitive season and their bodies were recovering well from their 
training schedules and therefore no adaptations in the exercise-induced salivary C 
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and T concentrations in response to the 55/80 bouts were found. This finding may 
not be such a surprise as elite athletes have been shown to cope well with elevations 
in training loads. MacKinnon et al. (1997) studying 24 elite swimmers over a 4 
week period in which swimming training was intensified by 36% reported that only 
8 of the swimmers presented with symptoms of overreaching during this time with 
the remaining swimmers coped well with the training load elevations. Costill et al. 
(1988) also studied the effects of increased swimming training (110% increase) had 
on the physical performance levels of the elite swimmers. They observed no 
changes in their power, sprinting and endurance performances in all of the 
swimmers comparing before with after the training period. 
 
The findings of the present study indicate that a 55/80 cycle bout over a competitive 
season did not highlight adaptations in the exercise-induced salivary C, T and the 
C/T ratio in a group of elite level triathletes. Also the triathlete’s psychological 
stress-recovery state did not alter over the course of the competitive season. These 
findings were unexpected, with a blunting of both the exercise-induced responses of 
both hormones hypothesised at certain stages over the competitive season. These 
findings were explained by the triathletes’ ability to cope well both physically and 
mentally with the training loads over the competitive season. The REST-Q scores in 
this study indicate that psychological stress levels remained the same throughout the 
season. Adaptations in exercise-induced responses of the salivary C and T should 
only be expected when individuals are sufficiently stressed physically and/or 
mentality. In conclusion, a 30-min 55/80 cycle bout did not highlight alterations in 
salivary C or T over a competitive season in a group of elite triathletes. 
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Chapter 10 General Discussion 
 
The aim of this chapter is to integrate the findings of all the studies completed in this 
thesis with brief conclusions from all chapters leading to an overall conclusion from the 
thesis. To begin and as an easy reference Table  10.2 overleaf summarises the studies in 
this thesis and their conclusions.  
 
One of the main aims of this thesis was to determine if the exercise-induced responses 
of C and T concentrations to short-duration, high-intensity exercise adapts in response 
to intensified training and therefore establish whether these hormones could be 
suggested as possible markers for overreaching. Meeusen et al. (2004) was one of the 
few studies to have examined the effect of intensified training on exercise-induced 
hormonal responses. Meeusen et al. (2004) examined the responses of plasma ACTH, 
C, growth hormone and prolactin to a double incremental cycle to fatigue protocol 
before and after an intensified training period. It was reported blunted exercise-induced 
ACTH and C concentrations in overreached athletes compared to when in a normal 
trained state. Chapter 4 extended the work of the findings of Meeusen et al. (2004) lead 
to the study completed in  Chapter 4. This chapter determined the salivary and plasma C 
and T (which was not measured by Meeusen et al. (2004)) and plasma ACTH 
concentration responses to a double incremental cycle protocol before and after an 
intensified training period in recreationally active, fit, healthy males. This chapter also 
examined the relationships between salivary and plasma C and salivary and plasma T 
concentrations both at rest and following the exercise to exhaustion bouts before and 
after the training period. 
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Table  10.1 A summary of experimental findings in this thesis. 
 
Study number 
(Chapter 
number) 
Aim Findings  
Study 1 
(Chapter 4) 
Determine the salivary and plasma C and T and plasma ACTH concentration responses to a 
double incremental cycle to fatigue protocol before and after a 4-day period of intensified 
training. 
• Increases in saliva and plasma T 
concentrations post-training 
compared to pre-training 
 
• Salivary C more sensitive to 
exercise than plasma C 
• Saliva and plasma 
levels of both T and C 
did not consistently 
correlate 
Study 2 
(Chapter 5) 
Establish an exercise bout that induces robust elevations in C and T concentrations by 
comparing the salivary and plasma hormone responses to 5 different short-duration, high-
intensity exercise bouts. 
• 55/80 cycle induces robust 
elevations of salivary and 
plasma C and salivary T 
• Strong, positive 
salivary and plasma C 
correlations exist when 
the peak post-exercise 
values are compared. 
This is not the case for 
salivary and plasma T 
concentrations 
Study 3 
(Chapter 6) 
Compare the salivary C and T responses to short duration high-intensity cycles (55/80 and a 
cycle to fatigue at 75% peakOV 2 ) before and after an 11-day period of intensified training. 
• Blunted salivary C and T 
concentrations in response to 
both exercise bouts comparing 
post- to pre-training 
 
Study 4 
(Chapter 7) 
Compare the salivary C and T responses to a 55/80 bout before and after a 10-day 
intensified training camp in elite level triathletes 
• Blunted salivary T 
concentration in response to the 
55/80 bout comparing post- to 
pre-training 
 
Study 5 
(Chapter 8) Establish the reproducibility of the salivary C and T responses to the 55/80 bout 
• A familiarity trial reduces the 
intra-individual variation in the 
salivary hormone to the 55/80 
• Reasonably 
reproducible 
hormonal 
responses 
Study 6 
(Chapter 9) 
Determine the salivary C and T concentration responses to 55/80 bouts over the course of a 
competitive triathlon season in a group of elite level triathletes 
• No alterations in the salivary C 
and T responses to the 55/80 
bout over the season.  
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In contrast to Meeusen et al. (2004) no adaptations of the plasma ACTH and saliva 
and plasma C concentrations in response to the double incremental cycle protocol 
were observed in  Chapter 4. However, blunted saliva and plasma T concentrations 
both in response to the exercise and at rest were observed following the training 
period compared with before training. On examination the absolute change of the 
salivary and plasma T concentrations to the exhaustion bouts post-training did not 
alter compared to pre-training suggesting that the blunted T responses observed 
post-training were due to lower basal resting salivary and plasma T concentrations 
only. 
 
Table  10.2 The absolute concentration change of salivary and plasma cortisol and 
testosterone concentrations in response to 2 incremental cycles to exhaustion 
(Exhaust 1 and 2) before and after a 4 day intensified training period. 
Values are means. 
 
These contrasting findings reported in  Chapter 4 compared to Meeusen et al. (2004) 
may be due to the level of fatigue experienced by their athletes. The times to 
exhaustion in their incremental cycle bout showed a 6% decrease in exhaustion 
times from the 1st to the 2nd exhaustion cycle in the overreached athletes. Our post-
training (i.e. when they are fatigued) participants showed a 3% decrease in fatigue 
times which was identical to the decrease found pre-training also. However, it 
should be noted that our participants did experience an increase in psychological 
Hormones 
Exhaust 1 
Pre-training 
Exhaust 1 
Post-training 
Exhaust 2 
Pre-training 
Exhaust 2 
Post-training 
Salivary cortisol 
(nmol.L-1) 
0.2 0.2 1.7 1.7 
Plasma cortisol 
(nmol.L-1) 
-2.4 10.9 38.6 34.3 
Salivary testosterone 
(pmol.L-1) 
122 133 196 175 
Plasma testosterone 
(nmol.L-1) 
4.3 4.4 2.2 2.1 
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stress levels when comparing pre- to post-training so it cannot be concluded that our 
participants were unstressed by the intense training period. 
 
When the salivary and plasma C and saliva and plasma T concentrations were 
correlated inconsistent relationships were found both at rest and immediately post-
exercise. These findings partially agree with Port (1991) who reported positive 
salivary and serum C correlations at rest and submaximal exercise intensities but not 
immediately following an incremental cycle to fatigue similar to the one used 
in  Chapter 4. Port (1991) suggested that decreases in serum C occurred at higher 
loads, possibly due to increases in the hepatic clearance of serum free C, and that 
this was not reflected in saliva. The results of Chapter 4 are also at odds with 
O’Connor et al. (1987) who reported positive correlations between salivary and 
serum C concentrations that were measured 15 min before and every 15 min up to 
45 min post a 30 min cycle at 70% max2OV . Cadore et al. (2008) also reported 
positive correlations of salivary and plasma C at rest and following a resistance 
exercise protocol. They did, however, report no significant relationships between 
salivary and plasma T concentrations. The exercise protocol used in Cadore et al. 
(2008) was considerably different than that used in the study reported in Chapter 4. 
Cadore et al. (2008) used a resistance exercise protocol consisting of repeated 
exercise and resting recovery periods. It is possible that this type of protocol 
somehow allowed the responses of C in the circulatory system to be reflected well 
in saliva compared to the protocol used in Chapter 4. It is also possible that the lack 
of correlation observed in  Chapter 4 was simply due to the fact that there is a slight 
time delay in the hormone entering the saliva from the circulatory system. 
 
An interesting observation from Chapter 4 was that the incremental cycle to 
exhaustion bouts used did not consistently induce elevations in the salivary and 
plasma C and T concentrations when the participant was in a normal trained state 
(i.e. at the beginning of the study). This was also the case in Meeusen et al. (2004) 
who reported significant elevations in serum C in the 2nd exhaustion bout (a 45% 
increase from pre-exercise compared to a 8% decrease in response to the 1st 
exhaustion bout) only when the participants were in a normal trained state. Similar 
observations on the responses of C and T to incremental exercise bouts have been 
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put forward by Lac et al. (1999) who reported no exercise-induced changes in 
salivary and plasma C and T concentrations in response to an incremental cycle to 
exhaustion when normally trained in fit, healthy males. McDowell et al. (1992) also 
reported no exercise-induced changes in the salivary C concentrations in response to 
an incremental treadmill test to exhaustion when in normal trained state. It is logical 
that if an exercise protocol is to be suggested as a tool capable of highlighting 
alterations in exercise-induced hormonal responses then this protocol should induce 
robust hormonal elevations when the participant is in a normal trained state making 
it easier to highlight hormonal adaptations. It is also logical that this exercise 
protocol should be relatively short in duration as not to be too taxing on athletes 
who may be feeling tired and drained when trying to complete this test. 
 
To summarise, the findings of  Chapter 4 suggested that a double incremental cycle 
to fatigue protocol was not sensitive enough to highlight adaptations in the exercise-
induced concentrations of saliva and plasma C and T and plasma ACTH following a 
4-day period of intensified training. Poor relationships between the salivary and 
plasma C and T concentrations were observed and it was suggested that this may be 
due to the time delay for both hormones to enter the saliva from the circulatory 
system. Chapter 4 also noted that a double incremental cycle to fatigue protocol 
may not be an ideal exercise protocol to examine changes that may occur in the 
exercise-induced C and T concentrations as it does not consistently induce 
elevations in these hormones when normally trained. 
 
Following the findings of Chapter 4 the next chapter aimed to establish a short-
duration, high-intensity exercise protocol capable of inducing robust elevations in C 
and T concentrations while in a normal trained state in physically fit, active, healthy 
males. Three different relatively short duration (~30 min), high-intensity cycle bouts 
and 1 resistance exercise bout were completed by the participants, separated by 7 
days rest. The bouts were designed so that the participants would complete a similar 
workload during all bouts and to ensure elevations in both hormones. High-intensity 
cycling of this nature and a resistance exercise bouts similar to the protocol used in 
Chapter 5 had previously been shown to elicit acute increases in C and T 
concentration as detailed in Table  10.3. 
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Table  10.3 Summary of studies reporting significant elevations in C and T concentrations in response to high-intensity cycle and resistance 
bouts. 
Authors Protocol description Increases in C  pre- to post-exercise 
Increases in T  
pre- to post-exercise 
O’Connor et al. (1987) 30 min cycle at 75% peakOV 2  *70% (serum C) *116%(salivary C) N/A 
Hoogeveen et al. (1996) Pro-cyclists Incremental cycle to exhaustion *78% (serum C) *25% (serum T) 
Robson et al. (1999) Cycle to fatigue at 80% peakOV 2  33% (plasma C) N/A 
VanBruggen et al. (2011) 30 min cycle at 80% peakOV 2  40% (serum C) N/A 
Cadore et al. (2008) 
Did 2 resistance supersets x 4 
1) 75% 1RM Bench press and Barbell row. (8 reps) 
2) Leg press and squat 75% 1 RM (8 to 12 reps) 
25% (serum C) 
55% (salivary C) 
14% (Salivary T) 
25% (serum free T) 
McCaulley et al. (2009) Squat 75% 1 RM (10 reps) x 4 12 % (serum C) 32% (serum T) 
*Calculated from graphical illustration 
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Chapter 5 also aimed to determine the relationships between salivary and plasma C 
and T concentrations as examined in  Chapter 4. The findings in  Chapter 4 of 
inconsistent relationships between both the salivary and plasma C and T 
concentrations lead  Chapter 5 to examine the relationships of the salivary and 
plasma hormones at rest and when the hormones peak post-exercise. It was expected 
that the saliva and plasma C concentrations would continue to increase post-
exercise and would not peak immediately post-exercise. This suggestion is in 
agreement with Hakkinen and Pakarinen (1993) who reported that serum C 
concentrations continued to increase up to 2 h following a resistance exercise bout. 
Also the hormones in the saliva and plasma hormones were expected to peak at 
different time points as it would take some time for the hormones in circulation to 
enter the saliva by diffusion.  
 
The results from Chapter 5 suggested that 1 of the cycle bouts examined, a 30 min 
continuous cycle consisting of alternating blocks of 1 min at 55% maxW
⋅
 and 4 min 
at 80% maxW
⋅
 (55/80), induced robust elevations of the saliva and plasma C and 
salivary T concentrations compared with all other exercise protocols studied. It was 
also suggested that elevations in the plasma T may not have been found as blood 
samples were missed immediately post-exercise in 4 out of 10 subjects in the 55/80 
bout. The average peak post-exercise increases from pre-exercise were found in the 
55/80 bout of 390% (salivary C); 108% (plasma C); 96% (salivary T) and 21% 
(plasma T) from pre-exercise. 
 
Strong, positive correlations were found for saliva and plasma C concentrations 
when peak post-exercise samples were compared only. The peak post-exercise C 
concentrations were found at 10-20 min (plasma) and ~30 min (saliva) post-
exercise. This finding is in agreement with VanBruggen et al. (2011) who reported 
peak post-exercise salivary C occurring at 30 min following a 30 min cycle at 80% 
peakOV 2 . No relationships were found between saliva and plasma T concentrations 
comparing the peak post-exercise samples. The peak post-exercise T concentrations 
were observed at 0 min (plasma) and 10 min (saliva). This agrees with the findings 
of Cadore et al. (2008) who reported no correlation between pre- and post-exercise 
salivary and serum free T. However, it is possible the peak values did not correlate 
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because both the salivary and plasma peak values were missed. The salivary and 
plasma T peaks occur quicker than C as the peaks occur within the first 10 min post-
exercise. Correlations might have been found if more samples had been collected 
within the first 10 min period after exercise. 
 
The overall conclusions from the results in Chapter 5 were that when the 
participants were in a normal trained state a 55/80 cycle bout can induce robust 
elevations of saliva and plasma C and saliva T concentrations. The salivary and 
plasma C concentrations show strong, positive correlations when comparing the 
peak-post exercise concentrations which occur at ~10 min later in saliva than 
plasma.  
 
Following the observations in Chapter 5 of robust elevations in saliva C and T 
concentrations in response to a 55/80 cycle bout the next 2 chapters, Chapters 6 and 
7, aimed to determine the exercise-induced responses of both hormones in saliva to 
a 55/80 bout before and after an intensified training period in recreationally active, 
healthy males ( Chapter 6) and elite male triathletes ( Chapter 7). Saliva sampling 
was utilised in both these chapters as it was concluded from  Chapter 5 that both the 
saliva C and T concentrations significantly elevated in response to a 55/80 bout 
whereas significant elevations were not found in plasma T concentrations in 
response to the 55/80 bout. 
 
The results of  Chapter 6 indicated that following an 11-day intensified endurance 
training period (where training duration was elevated by 143% compared to a 
normal training period) exercise-induced saliva C and T concentrations were 
blunted by 73% (11.0 to 3.0 nmol.L-1) and 36% (407 to 258 pmol.L-1), respectively 
compared to when normally trained. A similar phenomena was found in Chapter 7 
in the group of elite level triathletes with blunted exercise-induced salivary T by 
44% (653 to 367 pmol.L-1) being observed in response to a 55/80 cycle following a 
10-day training camp where training was elevated by 45% (swimming distance); 
25% (running duration) and 229% (cycling duration). Overall there was a lower C 
response to the 55/80 bout but this was not a significant finding. This blunting was 
not due to differences in the pre-exercise sample being lower post-training 
compared to pre-training as was found in study 1 ( Chapter 4). 
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The blunted salivary C response to the 55/80 bout was suggested to be likely due to 
a dysfunction of the hypothalamus or a desensitisation of the adrenal or pituitary 
glands following the periods of intensified training. The dysfunction of the 
hypothalamus was suggested as Urhausen et al. (1998) previously reported blunted 
exercise-induced ACTH and a trend for lower C responses in overtrained compared 
with normally trained athletes in response to an constant loaded exercise for ~20 
min at ~83% peakOV 2 . Barron et al. (1985) reported decreased basal C levels in 
overtrained marathon runners and linked this to a dysfunction in the hypothalamus 
highlighted by a reduction in ACTH secretion in response to an insulin-induced 
hypoglycaemia in the overtrained athletes. Lucía et al. (2001) also observed reduced 
basal C levels in pro-cyclists over a consecutive 21-day cycle tour but they ascribed 
the reduction to an exhaustion of the adrenal gland. It is possible that the adrenal 
gland has become desensitized to the action of ACTH following the findings of 
Wittert et al. (1996) who reported higher resting ACTH concentrations in athletes 
compared to controls but the elevated ACTH concentrations in athletes did not 
occur with expected elevations of C levels. They concluded that this was due to a 
desensitization of the adrenal glands to circulating ACTH. It is possible that the 
exercise-induced alterations in C were due to a desensitization of the adrenal gland 
as a protective mechanism as constant high C levels would be detrimental to the 
body as it would likely cause high levels of muscle protein degradation. So to 
conclude the blunted exercise-induced salivary C levels are likely to be due to a 
dysfunction of the hypothalamus or the desensitization of the adrenal gland or the 
pituitary gland. However to give better indication of the exact source of an 
adaptation in the hormone response to the 55/80 bout measurements would need to 
be completed on hormones from earlier in the HPA pathway. 
 
The reduction in the salivary T concentrations observed in Chapter 6 and 7 could be 
due to an alteration in T production and/or secretion in the testes. Hackney et al. 
(2003) reported reduced T production in the testes in endurance trained males 
compared with age-matched sedentary controls. They measured the T production 
levels by the infusion of GnRH in a non-active group and trained runner group and 
found that the trained runner group had a lower T response the the GnRH 
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administration than the non-active group. Furthermore Cumming et al. (1983) 
reported that a dysfunction in T production in males could be linked to an increase 
in circulating C levels. These authors suggested an inhibitory effect of C directly on 
the testes leading to a reduction in T production and secretion by the testes. They 
measured this by inducing hypercortisolism induced by insulin induced 
hypoglycaemia or an IV bolus of hydrocortisone. They found significant increases 
in serum C levels following the induced hypoglycaemia at 45 min. Parallel to the 
increases in serum C a rapid decline in serum T occurred without any change in LH 
or PRL suggesting a direct action on the testes by the circulating C concentrations. 
This would lead to a reduction in the LH induced T production and secretion. 
 
To summarise from Chapter 6 and 7 a 55/80 cycle bout could be a useful tool to 
highlight adaptations in the exercise-induced salivary C and T concentrations which 
occurred following an intensified training period in physically active and fit, healthy 
males and in the exercise-induced salivary T in elite male triathletes. These findings 
lead to the question of the reproducibility of the salivary hormonal responses to the 
55/80 bout. In order to suggest that the 55/80 bout could be a useful tool to survey 
the exercise-induced responses of salivary C and T and therefore be able to 
highlight adaptations in the exercise-induced responses of these hormones then the 
reproducibility of the salivary hormone responses to the 55/80 bout needed to be 
examined. Chapter 8 aimed to establish the reproducibility of the salivary C and T 
concentration in response to the 55/80 bout. It also studied the effect that familiarity 
with the 55/80 protocol has on the exercise-induced hormonal responses. This was 
measured by the participants completing a 55/80 cycle bout on 3 occasions. The 
results from Chapter 8 showed that acute increases in salivary C and T occurred in 
response to all 3 trials, which was expected following the finding of acute increases 
in all other 55/80 bouts completed in Chapters 5, 6 and 7. Importantly the results 
indicated that familiarity with the 55/80 bout has an influence on the salivary C and 
T concentration responses. ICC values gave direct measurement of the reliability of 
the absolute change of salivary C and T concentrations in response to the 55/80 
bout. These values indicated that 68% (comparing Trial 1 to 2) and 80% (comparing 
Trial 2 to 3) of the variability in the absolute change of the salivary C responses to 
the 55/80 bouts in all trials could be accounted for by between-subject variability. 
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Examining the variability in the absolute salivary T responses to the 55/80 bouts 
indicated that between-subject variability could account for 27% (comparing Trial 1 
to 2) and 77% (comparing Trial 2 to 3) of the total variability found. 
 
In summary, Chapter 8 indicated that being familiar with the 55/80 bout was an 
important factor to consider if this protocol was to be used to examine the exercise-
induced salivary C and T responses with a familiarisation trial being required to 
reduce the intra-individual variability in the salivary hormone responses to a 55/80 
bout. The observations in Chapter 6, 7 and 8 suggested that the 55/80 cycle bout can 
highlight adaptations in the exercise-induced responses of salivary C and T 
concentrations which appeared to be caused by an intensification of endurance 
training. The findings also suggested that completing a familiarity 55/80 trial 
reduces the intra-individual variation of the salivary hormone responses to the bout. 
Therefore, the addition of a familiarisation trial is necessary if this protocol is to be 
used as a test to survey the exercise-induced responses of salivary C and T 
concentrations. These findings lead to the study in Chapter 9 which aimed to 
determine the salivary C and T responses to 55/80 cycling bouts over a triathlon 
competitive season. The 55/80 bouts were completed at the beginning and end of 
the competitive season and at the beginning and end of an intensified training period 
leading up to a top priority race. In addition, a familiarisation trial was completed by 
the athletes before the competitive season began. It was envisaged that the 
triathletes would become tired over the course of the season and that they may enter 
an overreached state before their top priority race. The hypothesis was that over the 
course of the season the salivary C and T concentration response to a 55/80 would 
alter in conjunction with the altering fatigue levels in the triathletes.  
 
The results of Chapter 9 showed that the psychological stress levels (measured by 
REST-Q questionnaires) of the triathletes did not change over the course of the 
season. This indicates that the athletes were able to cope well with the elevations in 
the training schedule over the season. On further examination the training load 
actually did not alter greatly over the course of the season which suggests that the 
triathletes were able to cope with the continual high level of training undertaken. 
The greatest increase in training load was observed between MT2 and MT3 which 
was not surprising as this was the training period leading up to an ‘A’ priority race 
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for these athletes. Maybe it should not be surprising that athletes of this level had 
the ability to adequately deal with high training loads throughout the season. To 
compare to other studies over training seasons Hooper et al. (1993) can be quoted. 
They studied elite swimmers over a training season and reported that only 3 (of 14) 
of the participants presented as being stale over the course of the season. So the 
finding of no alterations in the salivary C and T concentrations in response to the 
55/80 bouts is not unusual as the athletes’ levels of psychological stress remained 
the same and they all performed well and as expected during their ‘A’ priority race 
completed after MT3. An interesting note from the findings of Chapter 9 was that 3 
out of 5 of the triathletes produced their lowest response of both salivary C and T to 
the 55/80 bout at MT3. This was the test following the greatest elevation of training 
load throughout the season and was the test completed before their ‘A’ priority race. 
This is the period we expected the triathletes to be most tired. It is possible that the 
low number of participants in this study could have influenced this finding and with 
a greater number of participants a blunting of the exercise-induced salivary hormone 
responses may have been found.  
 
Some limitations of the studies completed in Chapter 6 and 7 should be highlighted 
at this point. It would have been beneficial to have measured the plasma ACTH and 
LH responses to give an indication of whether the reduction in salivary C and T 
concentrations were caused by a reduction solely in the circulating C and T 
concentrations or if the reductions were due to a blunting of hormones earlier in the 
HPA and HPG axes. This, however, can be a study for the future. The main 
limitations in Chapter 7 (6 participants) and 9 (5 participants) was the low 
participant numbers used in these studies. This level of participation obviously 
exposes the results to an elevated risk of type 1 errors in the analyses. In addition 
inferences from all the studies completed in this thesis are limited from the point of 
view of a female athlete. Each study only used male participants due to the tighter 
controls on the normal hormonal variations which are possible in a male population 
compared with a female population. To conclude that the 55/80 exercise bout is 
useful for female athletes similar studies, as completed in this thesis, need to be 
completed on females with the addition of appropriate controls on normal hormonal 
responses e.g. all tests completed during the same stage of the menstrual cycle.  
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10.1 Conclusions 
 
The main conclusions from this thesis are: 
1) A double incremental cycle to fatigue protocol completed before and after a 
4-day intensified endurance training period cannot highlight adaptations in 
the exercise-induced salivary and plasma C and plasma ACTH 
concentrations. It is not sensitive enough to show alterations in plasma and 
salivary T concentrations in response to the protocol. 
 
2) Salivary and plasma C concentrations show a strong, positive correlation 
when peak post-exercise (short-duration, high-intensity exercise) samples 
are compared. 
 
3) Salivary and plasma T concentrations do correlate when measured at the 
same timepoints and when peak post-exercise concentrations are analysed. 
 
4) A continuous 30 min cycle consisting of alternating blocks of 1 min at 55% 
maxW
⋅
 and 4 min at 80% maxW
⋅
 (55/80) induces robust elevations of salivary 
and plasma C and salivary T concentrations. 
 
5) A 55/80 cycle bout is sensitive enough to highlight adaptations in exercise-
induced salivary C and T concentrations that occur following an 11-day 
intensified endurance training period in physically fit, active, healthy males. 
 
6) A 55/80 cycle bout is sensitive enough to highlight adaptations in exercise-
induced salivary T concentration responses that occur following a 10-day 
training camp in elite level triathletes. 
 
7) The salivary C and T concentration response to a 55/80 cycle bout is 
influenced by familiarity with the exercise protocol. 
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10.2 Practical Applications 
 
The novel findings of this thesis are that following an intensified training period 
exercise induced salivary C and T hormones are blunted. This blunted hormonal 
response occurred in parallel to an increased psychological stress level and may be 
indicative of early stage overreaching. Practically these findings suggest that the 
55/80 bout could be a useful tool to indicate the stress level an athlete is 
experiencing during their normal training cycle. Importantly it is a test that 
objectively measures the subjective psychological stress levels that the athlete is 
experiencing. This can help coaches and athletes evaluate their training plans and 
modify their training strategies accordingly in an attempt to achieve an ideal 
physical performance level. 
 
10.3 Future Directions 
 
Further areas of interest to explore and develop would be: 
 
1) Investigate the relationship between C and T alterations in response to a 
55/80 bout and performance in an endurance time trial during an intensified 
training period. This study would extend the practical application of the 
55/80 bout as a training tool.   
 
2) Examine the exercise responses of C and T in females to determine if the 
findings in this thesis can be inferred to this special population.  
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Appendices 
Appendix 1 
 
 
 
Informed Consent Form 
 
The purpose and details of this study have been explained to me. I understand that this study is 
designed to further scientific knowledge and that all procedures have been approved by the 
Loughborough University Ethical Advisory Committee. 
 
I have read and understood the participant information sheet and this consent form. 
 
I have had an opportunity to ask questions about my participation. 
 
I understand that I am under no obligation to take part in the study and that I have the right to 
withdraw from this study at any stage for any reason. I also understand that I will not be required to 
explain my reasons for withdrawing. 
 
I am fully aware that any information I give during this study will be collected, stored and used in 
accordance with the University’s published guidelines on sensitive personal data handling. 
 
I agree to participate in this study. 
 
Your name 
 
Your signature 
 
Signature of investigator 
 
Date 
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Appendix 2 
 Name/Number   ...............……. 
Health Screen Questionnaire for Study Volunteers 
As a volunteer participating in a research study, it is important that you are currently in good health and have had no significant medical 
problems in the past. This is (i) to ensure your own continuing well-being and (ii) to avoid the possibility of individual health issues 
confounding study outcomes. 
Please complete this brief questionnaire to confirm your fitness to participate: 
1. At present, do you have any health problem for which you are: 
(a) on medication, prescribed or otherwise Yes  No  
(b) attending your general practitioner Yes  No  
(c) on a hospital waiting list Yes  No  
2. In the past two years, have you had any illness which required you to: 
(a) consult your GP Yes  No  
(b) attend a hospital outpatient department Yes  No  
(c) be admitted to hospital Yes  No  
3. Have you ever had any of the following: 
(a) Convulsions/epilepsy Yes  No  
(b) Asthma Yes  No  
(c) Eczema Yes  No  
(d) Diabetes Yes  No  
(e) A blood disorder Yes  No  
(f) Head injury Yes  No  
(g) Digestive problems Yes  No  
(h) Heart problems Yes  No  
(i) Problems with bones or joints Yes  No  
(j) Disturbance of balance/coordination Yes  No  
(k) Numbness in hands or feet Yes  No  
(l) Disturbance of vision Yes  No  
(m) Ear / hearing problems Yes  No  
(n) Thyroid problems Yes  No  
(o) Kidney or liver problems Yes  No  
(p) Allergy to nuts Yes  No  
4. Has any, otherwise healthy, member of your family under the 
age of 35 died suddenly during or soon after exercise? Yes  No  
If YES to any question, please describe briefly if you wish 
.......................................................................................................................................... 
5. Allergy Information 
(a) are you allergic to any food products? Yes  No  
(b) are you allergic to any medicines? Yes  No  
If YES to any of the above, please provide additional information on the allergy 
………………………………………………………………………………………… 
6. Do you smoke? 
Yes  No  
Please provide contact details of a suitable person for us to contact in the event of any incident or emergency. 
Name: 
Telephone Number: 
Work  Home  Mobile  
Relationship to Participant 
Are you currently involved in any other research studies at the University? 
 Yes  No  
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Appendix 3 
REST-Q 52
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Appendix 4 
   RESTQ-76 
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Appendix 5 
 
 
 
 
 
 
TITLE OF STUDY 
 
Food Diary 
Please record everything that you eat and drink during the 24 h prior to your trial. 
Please specify portion sizes, weights and volumes. Many food packages have the weight 
on the labelling which can help you record the amounts accurately. Please also record 
the cooking method, (i.e. grilled/boiled/fried etc.) and whether the food is fresh, frozen 
or canned. You will repeat this diet 24 h all trials.  
 
On the morning of the trial please consume your breakfast 3 h before the trial i.e. before 
XXXX and please make it a sufficient breakfast considering the intense exercise you will 
undertake a few hours later. You may drink water between XXXX and your trial at 
XXXX.  
 
We ask you to refrain from Caffeine contained food (e.g. coffee, chocolate, tea) 24 h 
before the trial. Alcohol consumption should be avoided 24 h before the trial. 
 
Thank you 
 
 
 
        Subject No.  
 
        Date:   
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SUBJECT No.:                         DATE: _____/_____/_____   
Time 
 
Description of food 
eaten/fluid consumed 
Cooking method Weight/portion/ 
size/volume 
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                                   Appendix 6 
Training diary 
 
Instructions 
 
Fill in as much detail as possible in your training diary. 
 
 
A sample session box is detailed below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Session 1       
 
Start time 10:00 End time 11:00 
Mon 1 h @ the gym. - 30 min cycle (2 min easy 3 min hard continuous) 
15 min weights – Leg extension – 3 sets of 10 reps – 50 kg; bicep curls 3 sets of 12 reps 15kg (set 
1) 12 kg (set 2&3) 
15 min run -  14 km/h 0 gradient 
 
RPE - 15 
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Subject XX 
 
Session 1 
      
Session 2 
      
Session 3 
      
 
Start time  End time  Start time  End time  Start time  End time  
Mon    
   
 
Start time  End time  Start time  End time  Start time  End time  
Tues    
   
 
Start time  End time  Start time  End time  Start time  End time  
Weds    
   
 
Start time  End time  Start time  End time  Start time  End time  
Thurs    
   
 
Start time  End time  Start time  End time  Start time  End time  
Fri    
   
